THE 

ELECTRONIC CONCEPT ON 

OF VALENCE AND THE 
CONSTITUTION OF BENZENE" 



BY 

HARRY SHIPLEY FRY, PH.D. 

PROFESSOR or CHEMISTRY AND DIRECTOR OF THE CHEMICAL LABORATORY 
UNIVERSITY OF CINCINNATI 



WITH DIAGRAMS 



LONGMANS, GREEN AND CO. 

39 PATERNOSTER ROW, LONDON 

FOURTH AVENUE & 30TH STREET, NEW YORK 
BOMBAY, CALCUTTA, AND MADRAS 

1921 
[All nghts reserved] 



203 



TO MY WIFE 



PREFACE. 

THE electronic conception of valence as developed and 
applied in this monograph is concerned neither with the 
question of the ultimate nature of chemical affinity nor 
with the intimately related problem of the constitution 
of the atom The variety of hypotheses now current, 
which deal with the constitution of the atom, has signally 
failed to furnish a uniform valence hypothesis which will 
enable chemists to elucidate chemical formulae and re- 
actions, or, in other words, to present more complete 
pictures of the relationships existing between the chemi- 
cal constitution of substances and their chemical, physico- 
chemical and physical properties 

After studying the many anomalous hypotheses on 
atomic structure and valence, the author has adopted the 
early and relatively simple suggestion of Sir J J Thomson 
that "if we interpret the 'bond' of the chemist as indi- 
cating a unit Faraday tube, connecting charged atoms in 
the molecule, the structural formulae of the chemist can be 
at once translated into the electrical theory ". Accordingly, 
the symbol a short straight line between atoms which 
indicates a "bond" in a structural formula, assumes an 
added significance since one end of the bond corresponds 
to a positive, the other to a negative charge, through the 
transference of an electron from the one atom to the 
other. 

This, briefly, is the electronic conception of positive and 
negative valence which is employed herewith, solely as a 
formulatwe hypothesis. It is applied to the formula of 
many substances but chiefly to the constitution of benzene. 
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Methods are proposed and fully illustrated explaining how 
structural formula may be translated into electronic 
formula but only when it may be clearly demonstrated 
that the resultant electronic formulae possess greater sig- 
nificance in interpreting and correlating chemical and 
physico-chemical phenomena than do our customary struc- 
tural formulae 

The monograph is divided into four parts. Part I 
develops the electronic conception of positive and negative 
valence as a formulative hypothesis in chemistry Part II. 
relates paiticularly to the constitution of benzene and its 
derivatives, and to the problem of substitution in the 
benzene nucleus Part III deals primarily with physical 
and physico-chemical properties, notably, molecular vol- 
umes, absorption of light and fluorescence Part IV. 
considers the constitution of the metal-ammmes and 
presents a bibliographical and chronological review of those 
articles of authors who have presented applications of the 
electronic conception of valence 

Concordant with the fact that the preface is usually the 
last part of a book to be written, a more comprehensive 
preface may be found in Section A of the final chapter 

In conclusion, I am deeply grateful to my colleague, 
Dr Earl F. Farnau, lor valued suggestions, criticisms, and 
his reading of the manuscript, and also to Miss Eva 
Hauck, Secretary of the Department of Chemistry, 
University of Cincinnati, for the preparation of the index 
of names and the transcription of the manuscript. 

UNIVERSITY OF CINCINNATI, 
CINCINNATI, OHIO, i&th May, 1920 
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PART I 
THE ELECTRONIC CONCEPTION OF VALENCE 



CHAPTER I 

INTRODUCTORY. 

THEORIES of valency may be divided into two geneial classes. 
J N Fiiend states that "to the first of these belong such 
theories as those of Weiner and of Barlow and Pope, which 
postulate ceitam definite atti active 01 repellent foices, and then 
proceed to a discussion of the constitution of the molecule" 
These are designated as chemical theories of valency Theones 
of the second class i elate to the actual causes of chemical affinity 
and aie influenced by the paiticular ideas of atomic stiuctuie 
held by then ongmatois Friend states that "the electiomc 
theory of valency is a case in point, and as such is a subject for 
the physicist rather than the chemist " 

Chemists, in general, will subscribe to this statement, because 
the various hypotheses on atomic structuie and the fundamental 
natuie of valence now in vogue are too diveise and too limited 
in their capacity either to interpret or to con elate definite 
chemical and physico-chemical phenomena Be this as it may, 
theie aie ceitam simple aspects of the electiomc conception of 
the constitution of the atom that may be translated directly into 
an electronic conception of valence This, it will be shown, readily 
lends itself to the mteipietation and couelation of manyhitheito 
unexplained chemical and physico-chemical phenomena In 
lothei woids, the chemist may employ the electiomc conception 
I of valence as a fot mulcctive hypothesis in the field of chemistry 

The geneial puipose of this monogiaph is to show that the 
application of the electiomc conception of positive and negative 
valences to the constituent atoms of elements and compounds 
leads to the development of a new type of stiuctuial chemical 
foimula the electronic formula -which is fai more significant 
than the customaiy stiuctuial foimula m its adaptation to the 
interpretation and coi relation of chemical and physico-chemical 
phenomena 

3 i* 



4 THE ELECTRONIC CONCEPTION OF VALENCE 

To this end, there is presented a complete revision and an 
extended development of the subject matter of two separate 
series of articles published by the author during the past twelve 
years. One series, which appeared in the Zeitschnft fur physi- 
kahsche Chemie under the general title Eimge Amvendungen der 
Elektronischen Auffassung positiver und negatwer Valenxen } pie- 
sented new hypotheses on the relationship between chemical 
constitution and the phenomena of light absoiption and fluoi- 
escence The other series appeared concurrently in the Joutnal 
of the American Chemical Society under the title Interpretations 
of Some Stereochemical Problems in Terms of the Electronic Con-" 
ceptwn of Positive and Negative Valences In the majonty of 
these ai tides an attempt was made to thiow some light upon the 
manifold and ever recurrent problem of the constitution of benzene 
An application of the electronic conception of positive and 
negative valences to the constituent atoms of the benzene 
molecule culminated in the electronic formula of benzene This 
formula is readily adaptable to and makes possible the intei- 
pretation of many chemical and steieochemical pioblems pie- 
sented by benzene and its derivatives 

My grateful acknowledgments are due to Sir J J. Thomson 
whose earlier ideas on valency, as presented in his volume 
Electricity and Matter and subsequently elaboiated in hi& 
Corpuscular Theory of Matter^ directly led me to conceive, 
propose, and to apply the terms electromer and electronic tauto- 
merism as fundamental concepts in the development of his 
electronic conception of valence The electrolier is a new type 
of isomer the electronic isomer Electronic tautomerism is a 
new type of tautomerism involving electromers m dynamic 
equilibrium. 

The proposal of these new conceptions natuially involves the 
question of the actual existence of electromeis, A few chemists 
have not, and others may not, be inclined to countenance the 
electronic conception of valence, electionic ibomensm, and 
tautomerism chiefly upon the grounds that the independent 
existence of electromers has not as yet been fully established. 
In view of this attitude, it should be clearly understood that the 
question of the actual existence of electiomeis is a secondaiy 
matter which does not in any sense invalidate the use and 
significance of the electronic conception of valence as a formula- 1 
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tive hypothesis in chemistry The conceptions of electronic 
isomeiisra and electronic tautomensm aie necessaiy adjuncts of 
the electronic conception of valence Fuithermore, these con- 
ceptions aie necessaiily demanded by and, theiefoie, wan anted 
in the mterpietation and con elation of many chemical phenomena 
A statement of histouc and piophetic inteiest, made by Kekule 
m 1867, illustrates the pnnciple at issue 

" The question whether atoms exist or not has but little 
significance fiom a chemical point of view its discussion belongs 
rather to metaphysics In chemistiy we have only to decide 
whethei the assumption of atoms is an hypothesis adapted to 
the explanation of chemical phenomena Moie especially have 
we to consider the question whethei a fuither development of 
the atomic hypothesis promises to advance oui knowledge of the 
mechanism of chemical phenomena. 

" I have no hesitation in saying that, from a philosophical 
point of view, I do not believe in the actual existence of atoms, 
taking the word m its liteial signification of indivisible pai tides 
of matter I lather expect that we shall some day find foi what 
we now call atoms a mathematico-mechamcal explanation, which 
will lender an account of atomic weight, of atomicity, and of 
numeious propeities of the so-called atoms As a chemist, 
however, I regaid the assumption of atoms, not only as advisable, 
but as absolutely necessaiy in chemistry I will even go 
furthei, and declare rny belief that chemical atoms exist, piovided 
the term be undei stood to denote those particles of matter which 
undeigo no fuither division in chemical metamorphoses Should 
the progiess of science lead to a theory of the constitution of 
chemical atoms impoitant as such a knowledge might be for 
the general philosophy of matter it would make but little 
alteiation in chemistry itself The chemical atoms will always 
i emam the chemical unit ; and for the specially chemical con- 
siderations we may always stait from the constitution of atoms, 
and avail oui selves of the simplified expiession thus obtained, 
that is to say, of the atomic hypothesis. We may, in fact, adopt 
the view of Dumas and of Faraday, that whether matter be atomic 
or not, thus much is certain^ that granting it to be atomic^ it would 
appear as it notv does " 

Apiopos of the above quotation, let it be recalled that 
Kekul6's efforts to develop an undei standing of the mechanism 
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f chenftcal reactions aie embodied to-day in the structure theory^ 
" the recognized foundation of the extensive achievements of 
Oigamc Chemistiy, both theoretical and applied The estab- 
lished utility of this stiuctuie theoiy, which is indeed a foimu- 
lative hypothesis, is neither dependent upon the existence of 
atoms noi upon an intimate knowledge of the natuie of valence 
01 chemical affinity Similaily, the utility of this elechomc con- 
ception of positive and negative valences, also a foimulative 
hypothesis with the structure theoiy as its foundation, is not 
primarily dependent upon the existence or the possible isolation 
of electi omers 

The significance 6f this point of view may be moie evident 
if some of the foregoing statements of Kekule aic paraphiased in 
modern terms In chemistiy we have to decide whethci the 
electronic conception of valence is an hypothesis adapted to the 
explanation of chemical and physico-chemical phenomena, Moie 
especially have we to deteimme whether 01 not the fmthei 
development of electionic foimulse and the conceptions of 
electronic isomerism and tautomensm promise to advance our 
knowledge of the mechanism of chemical reactions. In view of 
the fact that electionic foirnulse, in many instances, have pi oven 
to be moie precise and moie significant than the customaiy 
structural formulae in the explanation of physical and chemical 
phenomena and the mechanism of reactions, it is quite conceiv- 
able that the electionic conception of valence may become a 
necessaiy adjunct to the structure theoiy This, of coiuse, must 
depend upon the nature and extent of its applications and ex- 
perimental verifications, and upon the pait that should be played 
by just criticisms in bunging to light the lelative rneuts and 
demerits of its applications The author hopes that these points 
of view will be constantly in the mind of the readei 



CHAPTER II 

THE ELECTRONIC CONCEPTION OF VALENCE 

A. Fundamental Conceptions. 

IN a lectuie 1 on the Constitution of the Atom (Silhman Lectures, 
1903)5 Sn J J Thomson foimulated the electiomc conception of 
positive and negative valences in the following words 

" On the view that the attraction between the atoms in a 
chemical compound is electncal in its ongm, the ability of an 
element to enter into chemical combination depends upon its 
atom having the powei of acqimmg a charge of electucity 
This, on the picceclmg view, implies eithei that the unchaiged 
atom is unstable and has to lose one 01 moie coipuscles before 
it can get into a steady state, 01 else that it is so stable that it 
can ictain one or moie additional corpuscles without any of the 
onginal coipuscles being driven out If the lange of stability is 
such that the atom, though stable when uncharged, becomes un- 
stable when it leceives an additional coipuscle, the atom will 
not be able to leceive a chaige either of positive 01 negative 
electucity, and will therefoie not be able to enter into chemical 
combination. Such an atom would have the properties of the 
atoms of such elements as aigon or helium 

" The view that the foices which bind together the atoms 
in the molecules of chemical compounds aie electrical in then 
ongm, was fiist pioposed by Berzelms , it was also the view of 
Davy and of Faraday. Helmholtz, too, declaied that the 
mightiest of chemical forces are electrical m their origin 
Chemists in geneial seem, however, to have made little use of 
this idea, having appaiently found the conception of 'bonds of 
affinity ' more fiuitful This doctime of bondb is, however, when* 
legal clecl in one aspect almost identical with the electncal theoiyj 
The theory of bonds when represented graphically supposes that 
from each univalent atom a stiaight line (the symbol of a bond) 
proceeds, a bivalent atom is at the end of two such lines, a 

7 
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tervalent atom at the end of three, and so on , and that when the 
chemical compound is represented by a giaphic foimula in this 
way, each atom must be at the end of the pioper numbei of the 
lines which lepresent the bonds Now, on the elechical view of 
chemical combination, a umvalent atom has one unit chaige, if 
we take as our unit of charge the chaige on the cotpuscle, the 
atom is therefore the beginning 01 end of one unit Faiaday 
tube the beginning if the chaige on the atom is positive, the 
end if the charge is negative A bivalent atom has two units of 
charge and therefore it is the origin 01 termination of two unit 
Faraday tubes Thus, if we interpret the ' bond ' of the chemist 
as indicating a unit Faraday tube, connecting chaiged atoms in 
the molecule, the structural formulae of the chemist can be at once 
translated into the electrical theoiy. There is, howevei, one 
point of difference which deserves a little consideiation the 
symbol indicating a bond on the chemical theoiy is notiegaided 
as having direction , no diffeience is made on this theory 
between one end of a bond and the other On the electrical 
theory, however, theie is a difference between the ends, as one 
end corresponds to a positive, the othei to a negative chaige." 

It is this eailier view of Sir J J Thomson that is most 
readily and significantly adaptable to chemical formula; The 
conceptions presented in the foiegoing quotation may be illus- 
trated and amplified by applying them to the combination of 
two umvalent atoms, X and Y, of such natuie that X tends to 
lose a corpuscle, or electron, which Y tends to acquire Thiough 
the loss of one electron, i e , one unit negative chaige (repiesented 

by the symbol Q), X functions positively, thus, X - -> X 
Through the acquisition of this electron, Y functions negatively , 

thus, Y + - Y 

Accordingly, the electiomc formula of the lesultant com- 

+ 4. _ 

pound, XY, from the union of X and Y, is wntten X Y 

which indicates the polarities of the bond of attraction or Faiaday 
tube of force between X and Y 

In this connection it is of interest to note that Baly and 
Desch 3 consider the labile hydrogen atom, in keto-enol tauto- 
merism, to function as a potential ion "inasmuch as the bond of 
Attraction or Faraday tube of force must be considered to be 
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lengthened sufficiently to allow of the intei change of the atom 
from the one position to the othei within the molecule " They 
also extend this view to salts m solution maintaining "that the 
bonds of atti action connecting the ( ions' togethei aie lengthened 
by the solvent When the length of the Faiaday tubes is below 
a ceitam ciiticdl length, the salt is 'non-ionized ' When the 
aveiage length of the tubes of foice is equal to or a little less 
than the cntical length, a few intei changes of ions between ad- 
jacent molecules takes place, and the salt is paitially ionized 
When the length of the Faiaday tubes is gi eater than the cntioal 
value, then peifectly free intei change takes place between the 
ions of diffeient molecules, and the salt is completely ' ionized' " 

Fiom this point of view, the distinction between " electiolytes " 
(and "non-electiolytes " is one of lelation only, it depends upon 
the conditions which deteimme the cutical lengths of the Faiaday 
tubes between the constituent atoms of the substance 

Anothei phase of the electiomc conception of valence has 
been piesented by Sn William Ramsay 5 in his Piesidential 
Addiess to the Chemical Society (1908) He advanced the 
hypothesis that elections are atoms of the chemical element, 
electncity , they possess mass, form compounds with other ele- 
ments, and seive as the bonds of union between atom and atom. 
He employed this idea of valence to explain the extiusion of 
lomzable gioups in such compounds as the cobaltammme nitrites 
by ftuther addition of ammonia Such significant applications 
poitend fuither development in the explanation of the mechanism 
of chemical changes. 

A suivey of these hypotheses leads to the conclusion, which 
is becoming moie geneial, that, if the forces which hold the atoms 
togethei in electiolytes aie electncal, then the same forces must 
also be assumed to hold in combination the atoms constituting 
the molecules, of non-electiolytes Hence, it may be maintained 
that chemical icactions which involve the dissociation of mole- 
cules, either of electiolytes 01 of non-electiolytes, are, let us say, 
electronic 

B. Electronic Formulae of Diatomic Molecules 

Passing fiom this general conclusion, consider briefly some of 
|he electrochemical conceptions ancj facts th^t are ; elated duectly 
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to the determination of the electronic foimulas of the diatomic 
molecules of certain elements. 

In the first place, it is of histoncal inteiest to note that one 
of the chief causes contnbuting to the oveithiow of the Duahsttc 
System of Berzelms 4 was his failure to apply the conception of 
electro-dualism to the constitution of elemental y molecules. This, 
howevei, was not the case with Helmholtz, 5 who, in his famous 
Faraday Lectuie in 1881 applied an electucal conception of 
valence to the constitution not only of compound but also of 
elementary molecules These aie his words "If we conclude 
from the facts that every unit of affinity is chaiged with one 
equivalent eithei of positive or of negative electricity, they can 
form compounds, being electrically neutial only if eveiy unit 
charged positively unites undei the influence of a mighty electitc 
attraction with another unit charged negatively. . . The fact 
that even elementary substances, with few exceptions, have mole- 
cules composed of two atoms, make it piobable that even in these 
cases electnc neutralization is produced by the combination of 
two atoms, each chaiged with its full electnc equivalent, not by 
neutiahzation of every single unit of affinity " 

This conception of Helmholtz is stated conveisely, in the 
modern phraseology of ionic dissociation, by W A. Noyes," as 
follows " If we suppose what seems not to be impiobable, that 
all reactions involving the decomposition of molecules aie pie- 
ceded by an lomzation of the parts of the molecules, it would 
follow that elementary molecules as well may ionize into positive 
and negative parts" Again, in this connection, Walden's 
researches 7 on conductivities of substances othei than acids, bases 
and salts in different ionizing media, prove that the halogens, 
bromine and iodine, furnish not only anions, but cations as well 
+ +++ + +++ 
Br and Br , I and I 

Sir J J Thomson 8 states that this view "is also suppoitecl 
by the fact that when the molecules of an elementary gas aie 
dissociated by heat, as in the case of iodine vapoui, the electnc 
conductivity of the dissociated gas is very high, showing that 
there are large quantities of both positive and negative ions 
present in the dissociated gas" Fuithermore, the numeious 
experiments which have been made on the dispeision of gases 
do not afford any evidence of the existence of any wide diverg- 
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ence between the dispeision of compound and elementary gases , 
hence we may conclude that if the atoms in the molecules of the 
compound gas are chaiged with electiicity, the atoms in the 
molecules of elementaiy gases are also charged " Concurrently, 
the piecedmg factb indicate that the electionic foimula and the 
electiolytic 01 electionic dissociation of a diatomic molecule (X 2 ) 
composed of umvalent atoms may be repiesented by the follow- 
ing scheme 

X 2 = x- x ^ x + x 

C. Electronic Isomers or Electroniers. 

An extension of these ideas to the chemical union of two 
elementary gases, X 2 and Y 2 , develops some new and funda- 
mental conceptions Oidmanly, such a icaction is represented 
by the equation X 2 + Y 2 == 2XY, but in teims of electronic 
foimulse, combination, preceded by electionic dissociation, is 
represented by the following scheme 

X 2 == X X ^ X + X 

j. _ -I- 

Y 2 = Y Y ^ Y + Y 

, \\ \\ 

+ i 

-j_ 

^ y j Y 

Oidmanly only one stiuctural formula is assigned to the com- 
pound XY, namely, X < Y , but, m the above scheme it is 
evident that XY may be repiesented by two diffeient electronic 

+ - - H- 

foimulse, namely, X Y and X Y I have pioposed the 

term electronic zsomer, 01 more bnefly, alectromer^ 1 for this new 
type of isomer Several different electronic formulae may be 
attnbuted to a given stiuctural formula but this does not neces- 
sanly imply that the several electronic isomeis or electiomers are 
capable of independent existence Sir J J Thomson 10 foresaw 
the possibility of this new type of isomerism, and stated that even 
if such isomeis were stable they would possess very different 
degiees of stability, and " it must be remembeied that in consider- 
ing the possibility of the existence of isomers from purely 
geometrical consideiations, all questions as to stability aie 
ignored, so that isomers which are indicated by geometiy as 
possible may be dynamically unstable and thus incapable of 
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preparation " Detailed evidence for the existence of electromers 

+ - - + 

of the types X -- Y and X -- Y will be piesented in subse- 

quent chapters 

D. Electronic Tautomerism. 

The dynamic instability referred to above serves as the basis 
for another new conception, namely, that of electronic tautomer- 
tsm n Tautomerism, m the usual sense, signifies an equihbiium 
mixture of ordinary structural isomers as, for instance, the well- 
known ketonic and enolic modifications Electiomc tautomei ism 
signifies an equihbiium mixture of two (01 moie) electromeis 
m the sense that one electiomer may be assumed to icveit to 
another electromer thiough the transposition of valence elections. 
This will effect a reversal of the polarity of certain atoms (01 
radicals) in the respective electromers as indicated m the follow- 
ing detailed scheme 



x 



It should be noted that m the transition fiom electromei 
+ - - + 
X Y to X Y, or mce versd, abbieviated thus 

(X Y ^ X -Y), 

when Y loses an electron, it becomes a neutral atom or radical , 

+ 
and X, acquiring this electron, 01 unit negative charge, also 

becomes a neutral atom 01 radical The mtet mediate exist- 
ence of neutial atoms or radicals, X and Y, in the system of 
electronic tautomensm, furnishes a fundamental point of view 
for the interpretation of the existence and piopeities of "free 
radicals " (notably tnphenyl-methyl and its denvatives) and the 
so-called " nascent state ". These features will be developed in 
subsequent chapters One of the purposes of this monograph 
is to show that many chemical reactions and their interpretation 
fully substantiate the principle of electronic tautomensm 01 the 
existence of electromers m dynamic equilibrium. 
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E. The Electronic Valence of an Atom. 

It has been noted that a neutral atom (the valence m the 
neutial state is zero) may acqune one unit positive charge through 
the loss of one electron, or it may acqune one unit negative 
charge through the acquisition of one election Such a um- 
valent atom may function, eithei as an independent ion 01 in 
chemical combination with anothei atom, in two distinct ways 
according as it is positively 01 negatively umvalent Thus, a 

i __ 

umvalent hydrogen atom may function as H or as H , and the 

i. _ 

umvalent chlorine atom as Cl or as Cl 

Tin ought (i) the gam 01 (2) the loss of two elections, or 
(3) through the simultaneous loss of one election and the gain 
of anothei election, a bivalent atom may function m three distinct 
ways. Accordingly, its valences are lespectively (i) both 
negative, 01 (2) both positive, 01 (3) one positive and one nega- 
tive Thus, a bivalent oxygen atom piesents three types 
- - + + + - 

O,O,O Similarly, the tervalent mtiogen atom piesents 
+ + + + + -.+__ 

four types N , N , N , and N . The quadrivalent caibon 
atom functions in five ways 



, C , C , C , and C 

It thus becomes evident that an atom whose valence is (n) 
may function electronically in (n + i) different ways This iule 12 
is used in figuring the number of electronic formulae which may 
be attubuted to a given structural foimula Its application to 
the derivation of the electiomc formula of benzene and other 
compounds is piesented in detail latei. In the meantime, it is 
expedient to illustrate this rule by a number of simple reactions 
and electronic formulae, and, simultaneously, to consider the 
methods commonly employed in deriving the electiomc formulae 
of elements and compounds. 



CHAPTER III 

METHODS OF DEVELOPING ELECTRONIC FORMULA. 

IT has been noted that electronic formulae aievutually stiuctuial 
founulse in which the bonds are qualified as having duection in 
the sense that one end of a bond corresponds to a positive, the 
other end to a negative charge The stiuctuial foimula of a 
substance is derived through the consideration of three factoi s 
(i) the number of atoms in the molecule , (2) the valence of 
each atom ; and (3) the chemical and physical propeities of the 
substance m question. As stated by Peikm and Kipping 1!i " It 
is thus possible, with the help of valency consideiations, to 
determine the state of combination of all the atoms of which the 
molecule is composed, and to express the lesults in a structural 
formula ; this formula then not only shows the constitution 01 
structure of the compound, but also summarizes in a concise and 
simple manner the more important chemical propeities of the 
compound" 

Now the conversion of a stiuctural foimula into anelectionic 
formula by assigning positive and negative chaiges to the op- 
posite ends of the bonds is not an arbitrary procedure it must 
be governed by a careful study of certain phenomena, notably 
(A) lomzation and Electrolysis, (B) Oxidation-i eduction pio- 
cesses, and (C) Hydrolytic reactions Each of these phenomena 
may be interpreted, very aptly in terms of electnc charges, or, in 
other words, in terms of positive and negative, valences. The 
correlation of these phenomena and principles makes the develop- 
ment of an electronic formula a consistent proceduie. Simple 
illustrations of a general type may now be considered. 

A, lomzation and Electrolysis. 

In an aqueous solution, hydrogen chloride molecules by dis- 
sociation yield positive hydrogen and negative chloiine ions. 
The foimer migrate to the negative cathode while the latter 

14 
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move to the positive anode Hence the dissociating molecules 
of hydiogen chloride are qualified by the electiomc foimula 

T* *~" 

H -Cl, and their electrolytic dissociation by the scheme 

-L, . -L 

H Cl ^ H + CL 

This view does not preclude the possible existence, even m 
an aqueous solution, of negative hydiogen and positive chlorine 
ions The following illustiation will show how, duiing electio- 
lysis, negative hydrogen ions may be assumed to lesult by 
cathodic reduction^ and positive chlorine ions arise by anodic 
oxidation a hydrogen atom cariymg a unit positive charge may 

+ 
lose it on contact with the cathode , H 4- -* H The resultant 

neutral atom immediately acquiring an election fiom the cathode 

becomes a negative hydrogen ion, H + -> H, which is natui- 
ally repelled from the cathode and immediately combines with 
an approaching positive hydiogen ion to foim a molecule of 

+ - + 
hydiogen, H + H -> H H = H 2 

An analogous and simultaneous process may take place at 
the anode, in which case the negative chloime ion gives up one 
electron to the anode theieby becoming a neutral atom, which 
through the loss of anothei election becomes a positive chloime 
atom The union of a positive and a negative chlorine ion 

J. . 

yields the molecule Cl Cl. 

+ 

Cl - -* Cl, Cl - -> Cl, 

+ - + - 

Cl + Cl -> Cl Cl = C1 2 . 

This scheme leads to the definition of oxidation and reduction 
in teims of electrical charges or elections 

B. Oxidation and Reduction. 

Anodic oxidation and cathodic reduction are effected by 
means of the electric current Electiic currents may be produced 
by means of oxidation and reduction reactions Hence oxida- 
tion is geneially considered to involve the acquisition of positive, 
or the loss of negative electrical charges, by atoms or ions , and, 
reduction involves the acquisition of negative, or the loss of posi- 
tive chaiges Now since the electron is the unit negative charge 
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of electricity, equivalent to the chaige on a univalent ion, oxida- 
tion may be defined, in terms of the electionic conception, as the 
loss of electrons by atoms 01 ions, while reduction is the gam of 
felectrons by atoms or ions 

The displacement of hydrogen from an acid by means of a 
metal is repiesented by an equation of the following type M (a 
bivalent metal) + 2HX -> MX 2 + H 2 The ionic equation foi 

+ + + 
this reaction is M + 2H - M + H 2 The metal, M, is oxidized 

+ + + 

to the bivalent ion, M, while the hydiogen ions, 2H, are reduced 

to molecular hydrogen, H 2 A moie detailed analysis of this 
change is piesented in terms of the electronic conception accoid- 
ing to the following scheme 



_L _ JL 

H + H -> H - H = H 2 

By way of explanation, an atom of the metal, M, is oxidized 

+ + 
to the bivalent ion M through the loss of two electrons, one of 

+ 
which reduces H, first, to neutial hydrogen, H This neutial 

atom is then further reduced by the other electi on to H The 

i B-w 

union of H and H yields molecular hydrogen. This piocess 
closely resembles the cathodzc redttction of positive hydrogen ions 
during the electrolysis of aqueous solutions of acids as pieviously 
noted 

These illustrations show that the number and the polaiily of 
the charges of a given atom indicate its state of oxidation 01 le- 
duction. Conversely, the state of oxidation of a given atom in a 
compound may be readily correlated with the electionic foimula 
of the compound. The significance of this pimciple becomes 
more evident if attention is directed to the polanties of the 
valences of the carbon atom in five typical compounds, namely, 
(I ) methane, (II ) methyl alcohol, (III ) formaldehyde, (IV ) 
formic acid, (V.) carbonic acid and its anhydride, carbon dioxide 

If, in these compounds, the hydrogen atoms function positively 
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and the oxygen atoms are negatively bivalent, then the electionic 
foimulse of compounds I.-V. inclusive aie wutten as follows 
H H H 



4. _ 
H C 



H 



H- 



H 
I 



-H 




H 
II 

4, _ 4. + _ _ + 

"C 



III 



- 4- + - 

i^=^_C=O 

- -I- + - 



V 



A mle has been stated, namely, that when the valence of an. 
atom equals (n), that atom may function electiomcally, or in 
electionic foimulse, in (72+1) different ways Since the carbon 
atom is quadrivalent, it functions mfive different ways, thus 



C - 
I 



- C 

II 



C 4- 
-I- 
III 



+ C + 



IV 



-I 
+ C + 

+ 

V 



These types of carbon atoms (I -V ) are embodied, icspectively, 
in the preceding electionic foimulse of (I.) methane, (II ) methyl 
alcohol, (III ) foi maldehyde, (IV) foimic acid, and (V) caibonic 

( acid Now since the acqunement of electrons 01 negative 
valences corresponds to reduction, and the loss of electrons, i e., 

jthe development of positive valences, coriesponds to oxidation, 
it is at once evident that the above types and electronic formulae 
(I -V inclusive) lepiesent the successive stages of oxidation of 
the caibon atoms m the transitions fiorn methane to caibon 
dioxide. In fact Bone has demonstiatecl that the slow com- 
bustion (i c , oxidation) of the hydrocaibon methane at ternpera- 
tuies below its ignition point, may be regaicled as involving the 
successive formation of methyl alcohol, formaldehyde, formic 
acid, and finally, cai borne acid or caibon dioxide The electronic 
foimulos of these compounds affoid an mtei pretation of these 
oxidations in tei ms of the positive and negative valences of the 
constituent atoms Such relationships as those noted m the 
pieceding types (I-V) aie made manifest, not by the oidmary 
structural formulae, but only by the electronic foimulse of these 
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five typical caibon compounds In this way, the extensive field 
of oxidation-i eduction leactions not only affoids an expeu mental 
justification foi the use of the electronic conception of positive 
and negative valences but also serves as one method of denvmg 
electronic foimulae 

C. Hydrolytic Reactions 

Another method of developing electiomc foimulae and of coi- 
relatmg them with chemical piopeities is found in an electiomc 
interpretation of hydrolytic reactions 

Gi anting that the hydiogen ion is positive and that the 
hydroxyl ion is negative under noimal conditions, i e , piovided 
the hydrogen ion is not i educed and that the hydroxyl ion is 
not oxidized, and that, accordingly, the electiomc formula of 

+ - - + 
water is H H, then It follows that hydrolytic reactions * 

afford an experimental method for ascertaining the polanty of the\ 
radicals of a compound under the particular conditions of the hy-l 
drolysis 

The applicability of such a method both to electiolytes and 
to non-electiolytes is indicated by Abegg "The observation 
that all leactions m which ions participate in measurable amounts 
even the hydrolytic actions or the extiemely weakly dissociated 
water pioceed to then equilibria with an immeasuiably great 
velocity, has induced the assumption that indeed eveiy capacity 
to react is to be attributed to the presence of ions A basis foi 
this assumption has been thought to exist in the fact that leac- 
tions between non-electrolytes usually pioceed with extieme slow- 
ness corresponding to an immeasurably small, but not absolutely 
non-existent, dissociation" The method of applying hydiolytic 
leactions to the determination of the polanty of the radicals of 
either electrolytes or of non-electrolytes may be illustiated in 
general as follows 

If a compound, X.Y, on hydrolysis yields compounds of the 
types HX and HO Y, then XY is qualified by the electiomc 
- + 

formula X Y Its hycholysis proceeds according to the 

scheme 

- + 4. _ _ + + _ + _ L 
X Y + H H -> H X + H -Y, 

or, moie briefly 

-+ + - +- _ + 

X Y + |H OH -> H X + HO.Y 
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On the other hand, if the hydiolysis of X Y yields compounds 
H Y and HO X, then X Y is qualified by the electronic 

+ - 
formula X Y, the hydiolysis of which proceeds accoidmg to 

the abbieviated scheme . 

+ _ + _ + - - + 

X Y + H OH -> H Y + HO X. 

Thus, the pioducts of hydiolysis of X Y indicate whether its 

- + + - 
electi onic foimula is X Y or X Y. 

In some instances, to be consideied in detail latei, a given 
compound, X Y, will yield foui diffeient products on hydiolysis, 
namely, H Y, HO X, H X, and HO Y In such instances, 
the conclusion is evident that the compound X Y must have 

+ - - + 

functioned in two distinct ways, namely, as X Y and X Y , or, 

in other woids, XY presents an example of electionic tauto- 

4- - - + 

meitsm (X Y == X Y) and interaction with water is vutually 
two distinct hydrolytic reactions pi oceeding simultaneously accoi d- 
ing to the geneial scheme 

+ - - -i- 

H Y + HO X 

+ __+ + _ ^r 

(X Y ^ X Y) + H OH 

^ + _ + 

H X 4- HO Y 

This chapter has endeavouied to show that the development 
of an electionic formula, 01 the translation of a structural foimula 
into an electronic formula, is made possible thiough the study 
and mterpi etation, in teims of positive and negative valences, 
of phenomena of lomzation, oxidation-i eduction piocesses and 
hydrolytic reactions The pimciples thus outlined will be il- 
lustiated fully in subsequent chapters with the pui pose of making 
moie apparent the enhanced significance of electionic foimulse. 



CHAPTER IV 

ELECTRONIC AMPHOTERISM 

THE first lule i elating to the positive and negative valencies of 
an element was proposed by Abegg and BodLmdei u and sub- 
sequently by Abegg 15 These authors developed a theoiy of 
valency according to which any element manifests two kinds of 
valency normal and contravalency of opposite polanty. The 
former is the stronger and corresponds, as its name implies, to 
the accepted valencies of the element The noimal valencies die 
usually positive in metals but negative in non-metals and the 
numerical value is equal to eight minus the numbei of contia- 
valencies The Periodic Classification of the elements furnished 
the basis for the distribution of the normal and contiavalencies 

A few years later Fnend 18 developed an electiomc theory of 
positive and negative valence m which he distinguished between 
(i) free negative valency, (2) free positive valency, and (3) ic- 
sidual or latent valency 

Friend defines the fiee negative valence of an element in 
teims of its capacity to combine with hydrogen " Since hydio- 
gen is electro-positive and monovalent, only those elements 
which possess a negative valence can combine with it. As 
Ramsay has pointed out this is equivalent to saying- that only 
those elements which are capable of leceivmg elect ont. can foim 
hydrides". In addition to negative, some elements possess 
positive valency, that is to say, they are also able to pait with 
elections Such elements may be termed amphotcric Otlieis 
apparently possess only positive or only negative valency, 

Referring to free positive valency, Friend states that " the 
numerical value of the positive valency is not so easily determined 
as that of the negative, since we have no negative element cor- 
responding with hydrogen, which combines with one atom of 
any other element m only one proportion". Howevei, Fnend 
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suggests fluorine as the most suitable element foi detei mining 
the maximum positive valency of the elements and mamtaias 
that ""chlorine, fluonne, and oxygen ate the only elements which 
possess fiee negative but no fiee positive valencies ". 

Finally, Fnend's conception of residual 01 latent valency 
is quite similai to the " neutral affinities " of Spiegel ami the 
electrical double valencies of Aiihemus, in that latent valencies 
can be called out in pairs ol equal and opposite sign Thus, 
" In Ramsay's phiaseology, this is equivalent to saying that when 
an element exeits its latent valency, it simultaneously paitb with 
and receives, an election. Consequently, the sum total oi the 
elections lemams the same, and the electiochemical pioperties 
of the atom are unalteied " 

I am constrained to maintain that the foiegoing lules of 
positive and negative valencies as pioposed by Abegg and 
Bodlandei, and by Fnend, may be leplaced by a moie geneial 
and moie comprehensive rule, namely, that when the given 
valency of an element equals n, that element may function in 
( + i) diffeient ways This mle has been illustiated in the 
case of the quadnvalent carbon atom and its typical com- 
pounds In teims of this lule the umvalent hydiogen atom may 
function in two ways, i e., eithei positively 01 negatively Ac- 
coidmgly, hydiogen in hydrogen chlonde is positive and the 

r " l 

electiomc foimula of the hydrogen chloride molecule is II Cl ; 

but, in sodium hydride, if sodium is positive, hydiogen must 

be negative, thus Na H. This is in dnect opposition to 

Fnend's statement that "since hydrogen is electiopobitive and 
monovalent, only those elements which possess a negative 
valence can combine with it" 

In like manner, umvalent chloime may function in two 
ways it is negative in hydiogen chloride but positive, as will 

be shown later, in hypochlorous acid, H Cl, and other 

compounds. This, too, is in opposition to Fnend's statement " 
that " chlorine, fluonne, and oxygen aie the only elements which 
possess free negative but no free positive valencies ", Chlorine, 
at least, possesses positive valence as will be shown .subsequently. 
The capacity of a given element to lose and to acquire 
electrons and thereby function in various ways may be termed 
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electronic amphotensm It is now essential to subsequent de- 
velopments to consider some instances in which the electronic 
amphotensm of hydiogen and chlonne is manifested Since it 
is generally conceded that hydrogen normally functions positively 
while chloime noimally functions negatively, it will be of moie 
paiLicular interest to discuss the icactions and the electionic 
foimulse of a few simple compounds in which hydiogen is nega- 
tive, and otheis in which chloime is positive 

A. Negative Hydrogen 

The conception of negative hydrogen is not new Biodie, 18 in 
1850, assumed the existence of a relation (polanty) between 
atoms entering into combination of such kind that one atom is 
distinguished as positive 01 negative as contiasted with the othei 
He represented the evolution of hydiogen which occuis when 
copper hydride is treated with hydrochlonc acid, in teims of the 
old equivalents, thus 

+- +_ +_ +_ 

Cu 2 H + HC1 = Cu 2 Cl + HH. 

This is paiallel to our piesent assumption that both copper 
hydride and molecular hydrogen may contain hydrogen atoms 
which function negatively 

It has been noted previously that negative hydiogen may 
result through cathodic reduction of positive hydiogen ions in 
the electiolysis of aqueous solutions of acids and precede the 
formation of molecular hydiogen Likewise, it may be foimed 
and precede the libeiation of hydiogen when metals mteiact with 
acids 01 with water Dnect evidence of the existence of negative 
hydrogen is found in ceitam leactions of sodium hydnde, and 
refeience should be made to the mtei action of sodium, on the 
one hand, and of sodium hydnde on the other, with watei accord- 
ing to equations (i) and (2), lespectively 

(t) sNa + aHOH - sNaOH + H 2 
(2) Nali + HOH -> NaOH + H 8 

From an ionic standpoint these leactions aie repiesented 
thus 

+ + 

(r) Na + aH -> aNa + JI 2 , 

+ + 

(2) NdH + H -* Na + H 2 
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A fuiihei analysis of these teactions from an electiomc point of 
view icquiies that a molecule of metallic sodium be legaided 
simply as a compound of a positive sodium ion with a negative 
election, the mteiaction of which with watei (te, with the 
positive hydiogen ions) coi responds to the following scheme 



-> H; 



In othei words, metallic sodium is oxidized to ionic sodium 
thiough the loss of elections which reduce ionic hydrogen to the 
moleculai state Analogously, on the othei hand, sodium 
hydride is a compound of positive sodium and negative hydiogen 

i mMm 

atoms, NaH Hence, the ionic equation (2) above is lepiesented 
electronically as follows 

+ _ + 

Na H = Na H ^~ Na + H 

+ _ + - 

H + H - H H = H 2 

In othei words, sodium hydnde may be legaided as an lonogen 
which, on dissociation, yields positive sodium and negative 
hydrogen ions The lattei combine with positive hydiogen ions 
yielding moleculai hydiogen 

Further evidence that the hydrogen of sodium hydnde 
functions negatively is shown by the formation of sodium foimate 
accoiding to the equation 10 

Na H + C0 2 ~- HCOgNa 

An mleipietation of this leaction from the electiomc point 
of view shows it to be an oxidation-i eduction piocess. It has 
been noted previously that each of the foui valencies of the 
carbon atom in caibon dioxide is positive while in foimic acid 
one of the carbon valences is negative and the othei tin ee are 
positive* It follows, therefoie, that when sodium hydnde 
interacts with carbon dioxide, one of the foui positive valences 
of the caibon atom is reduced to a negative valence through the 
reducing action of the negative hydrogen atom of sodium 

* See Electronic formulae on p. 17, 
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hydride. A detailed analysis of these changes ma}' be indicate 
schematically as follows 



(1) Na H ^ Na + H 

+ 

(2) H H> H + 2 

li\ rn n P - n 

\3) UU 2 U L/ U 



- + -1- - 



- + I + 



(5) 



+ 2 



- -I I _ 

o c o 

- -I I 



- h I- - 
o c 0- 

_ I- 



+ Na + II ~> 



II 



In (i), dissociation of Nali yields Na and 11 la ( ), the un- 
stable H becomes H thiough the loss of two elections, >, , m *l 
thereby acts as a i educing agent Note that (3) illusliales the 
" opening up" of one of the double bonds of taihon dioxide 
presenting one fiee negative and one fiee positive valence, so to 
speak In (4), the elections, 20, hbeiated in the transition of 

H to H, effect the leduction of the fiee positive valenco of cas hon 
dioxide to a^free negative valence. In (5), the union of Na hum 

(0, and of H fiom (2), with the icspective free negative valence, 
of the oxygen and caibon atoms of caibon dioxide fmin (.,), com 
pletes the electronic foimula of sodium foimate 

^f^ ^^ f "^^^"B ^ ^n in 
. The dissociation of sodium hychide according to (*} 

into Na and H, m conjunction with the opening up of the double 
bond in carbon dioxide, as noted m (3), makes possible th, dfe!t 

additions of Na and i to the free negative and the f lue llosltlw 
valence, respectively, of carbon dioxide, thus . 
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- + - 
o=c 



J- 



The instability of H and its tendency to reveit to H 

(H -* H + 2) with the loss of two elections which reduce the 
positive caibon valence to a negative valence, is the occasion of 
the transition of the unstable electromei, containing negative 

hydiogen, O C O Na, to the stable elechomei, 

H 

O C O Na, sodium formate It is at once evident 



f 
H 



that in the change from the unstable elecLromer (NaO 2 C -- H) 

-L 

to the stable electromer (NaO 2 C -- H), the H of the foimer 

+ 
has been oxidized to H in the latter , and, simultaneously, the 

positive caibon valence of the former electiomer has been re- 
duced to a negative valence in the latter Hence this reversal 
of the polarity of the caibon-hydrogen valence affoids an 
example of an electronic intramolecular oxidation-reduction It 
should heie be emphasized that any electiomc intramolecular 
oxidation-reduction leaction viitually conesponds to the tiansi- 

+ - - + 

tionofoneelectiomei toanothei (X -- Y s= X -- Y) previously 

noted (p 12) and defined as electiomc tautomeiism. Whether 
one electiomer, or the other, or both, aie the products of a given 
reaction will depend upon certain conditions which will be con- 
sidered later 

Natuially it would be expected that the hydrides of stiongly 
electropositive metals, such as sodium, contain negative hydrogen, 
as has been shown It is interesting and significant to note that 
the hydride of the non-metal silicon also functions as a compound 
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of negative hydiogen This is attested by the inlciaction 
(hydrolysis) of silicon hydride and aqueous potassium hyth oxide 
One volume of the formei yields in alkaline solution fom volumes 
of hydrogen according to the equation 

SiH 4 + HOH + aKOH -> K,SiOj + ^H a 

Now, potassium silicate is analogous in composition to potassium 
carbonate, a denvative of carbonic acid in which each of the 
valences of the caibon atom is positive Accoulmgly, each of 
the valences of the silicon atom in potassium silicate is assumed 
to be positive Furtheimoie, since neither watei noi potassium 
hydioxide acts as a reducing agent in the above equation, it 
must also be concluded that each of the valences of the silicon 
atom m silicon hydride is positive Hence the hydiogen atoms 
of silicon hydride function negatively and the above icaction 
from the electronic standpoint is represented as follows 



H 



- 

815=0 

~ 



In this connection it is woithy of note that silicon and 
caibon, from the standpoint of the penodic classification, belong 
to the same natural family Since the non-metal silicon may be 
united to negative hydrogen as shown above, it is natuial to* 
conclude that carbon atoms also may hold in combination negatively 
functioning hydrogen atoms This condition will be met in ihei 
electronic formula of benzene That three of the hydrogen atoms { 
of the benzene molecule, C 6 H 6 , function negatively while the 
other three function positively will be consideied fully m 
subsequent chapters 

In analogy with the hydrolysis of silicon hydride, silicon 
tetrachlonde is also completely hydiolyzed m accordance with 
the scheme 
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Cl Ai_in 



Cl 

Since chloiinc is negative in hydiogen chloride, it follows that 
the chlorine atoms in silicon tetiachloiide aie also negative Of 
couise, the hypothetical oitho-sihcic acid loses watei yielding 
meta-silicic acid, which in tutn gives the anhydnde, silicon 
dioxide 



In silicon hydnde and silicon tetiachloiide, hydrogen and 
chlorine icspectively function negatively Compounds and le- 
actions will now be consideied in which chlonne functions 
positively 

B. Positive Chlorine, 

It has been noted (p 15) that positive chlorine ions may 
arise during the electiolysis of hydiochlonc acid thiough anodic 
oxidation of negative chlorine ions and piecede the formation of 
moleculai chlorine Apait fiom the phenomena of electrolysis, 
positive chlonne ions may exist and as such function m the pio- 
duction of hypochlorous acid thiough the interaction (icversible) 
of chloime and water according to the equation, 

Cl a + HOH ^ HCl -I- HOC1, 

which is icpiesented lomcally and in terms of electronic formulae 
as follows . ' 



. 
Cl s = Cl - Cl ^ Cl + Cl 



HOH = H H ^ H + H 

\\ \\ 
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The chlorine atom in hypochlorous acid is positive and the 
instability of hypochlorous acid audits oxidizing properties may be 
attributed to the tendency of positive chlorine to revert to the more 
stable negative chlorine It has been shown that negative 
hydrogen acts as a leducing agent through the loss of elections 

4* 

and thereby leveits to positive hydiogen H - 20 -> H On the 
other hand, positive chlorine acts as an oxidizing agent thiough 
the acquisition of elections and thereby reveits to negative 
chlorine 

d + 2 - Cl 

The decomposition (accelerated by the action of light) of 
dilute aqueous solutions of hypochloious acid, yielding fiee 
oxygen and hydiochloiic acid, according to the equation, 
2HOC1 -* 2HC1 + O 2 , may be mteipreted lomcally and elec- 
tronically as follows 



+ Cl. 



^1J .TJL- 'W 

. _ 4-. 

(2) O -> O 


\sl 4.JL T 

+ 20 


(3) Cl + 


^e 


-> Cl 


CH \ r.i j. 


+ 

H _ 


+ - 

^ M .P.1 



Equation (i) indicates complete ionic dissociation of hypo- 
chlorous acid, in (2) the oxygen ion thiough the loss of two 
elections is oxidized to the atomic or electrically neutial state 

-4- _ 

O, 01 This oxidation is effected by the positive chloime 

+ 
ion, Cl, which through the acquisition of two elections becomes 

a negative chlorine ion as noted in (3) In (4) the resultant 
negative chlorine ion unites with the positive hydiogen ion fiom 
(i), to give hydrogen chloride. This detailed interpolation may 
be abbreviated to conform to the scheme of an mtiamolecular 
oxidation-reduction reaction 



f 
|_ 



aH - - Cl - 2H - O - Cl -> 

- +-~] + - + - 

2H + aCl + 2 J -> aH - Cl + 0==-0. 
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4- - - -I- 

first electt oraet, H Cl, is converted to the second 

+ - + _ + - 

romei H O Cl, through the reduction of Cl to Cl 

- + 
the concomitant oxidation of to O The second elec- 

+ - + _ + _ 

er, H Cl, yields H Cl and molecular oxygen, 

O Anothei electronic formula for oxygen is possible, 

+ 

+ - 

ely, O^^^O, but it is n relevant to the explanation which 
-t- - 

ula is assigned to rnoleculai oxygen. 

n piesentmg these mtei pretations, it should be lemembered 

it is no more possible to picture the absolute mechanism of 
emical change than it is to present a final explanation in 
ice. Each of the preceding mtei pretations of the decomposi- 

of hypochloious acid involves one and the same fundamental 
ciple, namely, the transition of positive chlorine to negative 
nne thiough the loss of electrons. Fuithermoie, this transi- 

seives to explain the oxidizing action of hypochloious acid 
some reactions (to be described latei) hypochlorous acid 
is, thiough dissociation, negative hydroxyl and positive 
>ime ions 

+ _ _ + _ + 

H Cl ^ HO + Cl 

+ 

elation is effected through the reduction of Cl to Cl as noted 
ve In other reactions, hypochloious acid undeigoes mtia- 
eculai oxidation-reduction and yields neutial 01 atomic (the 

+ - 
ailed "nascent") oxygen, O, which in tuin effects oxidation 

>ugh its reduction to O In other woids, positive chlorine or 
tral oxygen atoms effect oxidation through tiansitions (i) 
(2) respectively 

+ 

(1) ci + 2 -*. ci 

JL, - i- . 

(2) + 2 - 0. 

terms of the electronic conception of positive and negative 

2 3 
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valences, transition (l) is fundamental to the decomposition of 
hypochlorous acid and to its action as an oxidizing agent 

Since the acquisition of a given number of negative elections 
is electrically equivalent to the loss of the same number of equi- 
valent positive charges, transitions (i) and (2), lespeclively, may 
be indicated thus 



J- 

(l) Cl -* Cl + 



(2) -> l- 2 @ 

Apropos of the electronic fotmula and piopeities of hypo- 
chlorous acid, the existence of positive chloime ions is substan- 
tiated by the apparently anomalous fact that on elecliolysis 
concentrated solutions of hydrochloric acid yield equal volumes of 
hydrogen and chlorine at cathode and anode icspectively, but, on 
the other hand, very dilute solutions of the acid yield hydto^n 
at the cathode but no fiee chlorine at the anode Instead an 
equivalent amount of oxygen is evolved. Ostwald " stales lh.it 
" this is due to the fact that the water is decomposed by the 
chlorine with the formation of hydrogen chlonde and oxygen 
according to the equation 2H 2 O + 2C1 3 = 4HC1 + CK. IhH 
process, it is true, takes place with measuiable velocity only in 
the light , we may, however, assume here, as in similar cases, 
that the process takes place without light, only veiy slowly," 
Ostwald's explanation should be modified and extended because 
he has not taken into account the fact that the liberation of 
oxygen from a solution of chloime m water is due, most likely, 
to the intermediately formed hypochlorous acid accoiding 1 to the 
generally accepted equations 

2C1 2 + 2 HOH ^ 2HC1 + jsHOCl, 
2HOC1 -> 2HC1 + O 2 . 

In view of the electronic inteipietation of the libeialion of 
oxygen from hypochlorous acid, it follows that the evolution of 
oxygen at the anode during electrolysis of very dilute solutions 
of hydrochloric may be due to the following changes, Negative 
chlorine ions are oxidized at the anode to positive ions _ 

+ - + 

Cl ~> Cl + 2 Q , or Cl + 2 () .+ Cl. 
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The dissociation of water, though extremely slight, yields 
hydrogen and hydioxyl ions which latter migiate to the anode 
and theie encountei a much greatei concentiation of positive 
chloime ions The production of hypochlorous acid through 
the union of the negative hydioxyl and the positive chlorine 
ions, and its decomposition, as pieviously explained, fully ac- 
counts for the libeiation of oxygen Oi, in equivalent terms, 
this change may readily take place through the oxidation of the 
hydroxyl ions by positive chlorine ions at the anode, thus 

-!- - - 1 

aliO -> sH + 2 + - 

\ -*. 2H Cl + O,, 

+ 
sCl -> aCl + 4 J 

+ + 

or summanzed biiefly,* 2HO + 2CI -> 2H + 2C1 + O 2 

It is evident that this oxidation would pioceed only in very 
dilute solutions of hydiochlonc acid, le, in the piesence of a 
very low concentration of hydiogen ions Concentrated solu- 
tions of hydiochlonc acid yield no oxygen on electrolysis 
because the high hydiogen ion concentration obliterates the 

i mf _ l 

hydioxyl ion concentration (H + OH -> H 2 0) Hence in the 
absence of hydroxyl ions, the positive chlorine ions combine with 
the negative chlorine ions yielding molecular chlorine Tn this 
way, the electronic conception of valence affords an interpretation 
of the appaiently anomalous results obtained in the electrolysis 
of dilute and of concentiated solutions of hydrogen chlonde 

C. Chlorammes. 

Not only hypochlontes but other compounds contain positive 
chlorine Sehvanow 22 noted the fact that the chloi amines, 

* In simpler terms this change may be icgarded, in a final analysis, as the action 
of positive chlorine ions upon negative oxygen ions 

-L, *, K 

aCl + 20 ~> aCl + O 2 

In this connection it is noteworthy that Nern&t 21 regauls the action of chlorine 
upon oxygen ions, molecular oxygen being liberated, as analogous to the action of 
chlorine upon bromine ions, molecular bromine being liberated. In terms of 
electronic formulas this latter change is reduced to the equation 

.L, ,, J_ . _ 

(C1 2 = Cl.CI) + aBr -> (Br.Br Br 2 ) + aCl. 
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RNHC1 and R 2 NC1, on hydrolysis and mtei action with hydrogen 
iodide suffeied replacement of their chloime atoms, not by 
hydroxyl, but by hydrogen, and that two equivalents of iodine 
were liberated for each equivalent of replaced chlorine, thus 
R 2 NC1 + zlll - R 2 NH + HC1 + I g . 

Selivanow attributed this lemaikable reaction to the fact that 
the chloime atom in chloramme existed as " hypochlorous 
chloime " Accordingly, the above reaction is perfectly analogous 
to the action of hypochloious acid upon hydiogen iodide 

HOCl + 2 HI -> HOH + HC1 h Ij. 

Ill teims of electronic foimulac, hypochlorous chlorine is positive 
chlorine* and, theiefoie, the chloiamme should yield positive 
chlorine on dissociation 

R U NC1 = R 2 N Cl ^ R 2 N + Cl. 

Hence in the above reaction, Cl oxidizes the negative iodine ion 

of the hyduodic acid to I which in turn unites with I to form 
moleculai iodine An analysis and summaiy of these changes 
is given in the following scheme 

-J- 

Cl + 2 -> Cl 

A "j~ J, <">' ^X*"'"'"""'""~~l. ^2/ 

Cl + 2l - Cl + I 2 

Accordingly, the analogous reactions (i), and (2), 

(1) RaN . Cl + 2H . I _> R 2 N H + H Cl + I,, 

(2) HO Cl + aH I -> H.OH + H Cl -H I 2 , 

are repiesented respectively in abbieviated electronic formula: as 
follows 

(i) R 2 N . Cl + 2H . I - R 2 N . H + H . Cl + I.I 

(a) HO Cl + 2H.I -> HO H + H Cl + I.L 

* The antiseptic action of Dakm's solution and Ins chlorammes is undoubtedly 
due to positive chlorine. 
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Each of these leactions involves one and the same change, 

namely 

+ 

Cl + 2! - Cl + I 3 

The existence of positive chlonne in the chloi amines is 
further attested by a leaction foi then piepaiation, namely, the 
action of hypochlorous acid upon amines These reactions have 
been shown to be reveisible 

_ + _ + _ + + _ 

R 2 N.H + HO.C1 ^ R 2 N Cl + H . OH. 

Furthermoie, moleculai chlonne is hbeiated when the chloi amines 
interact with hydrogen chlonde 

- + + _ _ + + _ 

R 2 N Cl + H Cl "- RjN.H + (Cl . Cl = C1 2 ) 

Othei lemarkable pioperties of the chloiammcs which have a 
direct bearing upon the constitution and elect! onic formula of 
benzene will be considered later 

D. Positive Bromine, Iodine, and Cyanogen. 

Halogens othei than chloime manifest the propel ty of 
electronic amphoteiism This is shown by a number of 
hydiolytic reactions Thus tetrabiomomethane and tetraiodo- 
methane yield biomoform and lodofoim lespectively : 

Br 3 C.Br + H . OH -> Br 3 C H + HO . Br 
- + + - _ + _ + 

I 8 C I + H jOH ~> I 8 C . H + HO I. 

Hypobiomous and hypoiodous acids lespectively embody positive 
bromine and positive iodine. 

Iodine monochlonde yields hydiogen chloride and hypoiodous 
acid in which chlorine and iodine are respectively negative and 
positive 

-i- - + - 4. _ - 4. 

I.Cl + H OH -> H.C1 + 110. 1 

Nefs 28 obseivations that (i) chlorocyanogen yields hydiogen 
chlonde and cyanic acid, while (2) lodocyanogen gives hypoiodous 
and piussic acid, show that the cyanogen radical, similaily to the 
halogen atoms, may function eithei positively or negatively 

-+ +- H- - - + 

(1) Cl CN + H . Oil - H Cl + HO CN. 

+ - +- -+ -|- - 

(2) I . CN + H . OH -> HO . I + H . CN. 

3 
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Thus, there are numerous instances amongst compounds 
classed as non-electrolytes in which polanty of atoms and uulit.ils 
is definitely manifested. These examples die icadily mtetpieted 
and correlated in terms of the electionic conception of positive 
and negative valences The reactions just cited aie but a few 
of the notewoi thy examples of electionic amphotensm. Oiduuiy 
equations and customary foimulae do not reveal the significance 
of these relationships. 



CHAPTER V 

THE NASCENT STATE 

THE so-called (< nascent state" is intimately i elated to, and may 
be mterpieted in terms of electronic amphotcusm Nascent 
action, according to common usage, is a term 21 foi "all those 
phenomena in which a substance at the moment of its hbeiation 
from compounds performs leactions it is incapable of in its 
oidmary condition". Thus, to cite a simple and well-known 
case hydiogen has no action on silvei chloride suspended in a 
liquid thiough which it is bubbled , hydrogen evolved within the 
liquid, electrolyti catty 01 by action of metals, pioduccs metallic 
silvei , hydrochlonc acid being formed at the same time 

Concerning the vanous mteipietations which have been 
proposed for such leactions, Alexandei Smith 20 wiitcs as follows 
"The teim nascent hydiogen is used in different senses in a 
veiy confusing way. (i) It may mean nascent, hteially, that is, 
newly bora or libeiated. (2) It is used also to mean chffeient- 
frorn-ordmary, or, in fact, an allotiopic form of hydiogen (3) It 
is often limited to mean one particulai allotiopc, namely, atomic 
hydrogen (4) It is used by Haber and othcis . to mean 
hydrogen activated by contact with a metal ($) Finally, its 
activity is explained as being due to the laigei amount of free 
eneigy contained m zinc plus acid plus i educing agent, as cora- 
paied with the/m? hydiogen plus i educing agent The last is 
identical with the explanation of the activity of oxidizing agents 
The woid nascent is, of couise, a misnomei, excepting in" con- 
nection with (i)." 

A moie compiehensive and concihatoiy view of the nascent 
state and of nascent action may be developed in teims of the 
electronic conceptions of oxidation and reduction. Oidinauly, 
hydrogen functions positively while chloiine functions negatively' 
but in ceitam compounds, or undei special conditions, pieviously 
described, hydrogen may function negatively and chlorine posi- 
tively Fuithermore, negative hydrogen has been shown to act 

35 a * 
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as a reducing agent since it natuially tends to reveit to its moie 
stable state, positive hydrogen, through the liberation of elections 

00- 

(1) H - H + a . 

On the other hand, positive chlorine acts as an oxidizing 
agent, since it naturally tends to become negative by acquisition 
of elections (2) 

(2) Cl + 20 -> Cl 

A closer analysis shows that an electrically neutral ffafe, i.e., 
the atomic state, is a condition to be consideied in the above 
tiansitions (i) and (2) This is shown in the following schemes 
(3) and (4) respectively 

(3) H -> H + , H - H + 

(4) Cl + -> Cl, Cl + -> Cl 

Now, if the atomic state and the nascent state aie to be 
regarded as synonymous, then they may be defined, from the 
electronic standpoint, as an unstable condition which manifests 
not only an adaptability but also a tendency eithei to gain 01 to 
lose electrons and thereby attain a moie stable condition. This 
tendency, however, can not be limited to the atomic state of an 
element, since not only atomic or neutral hydrogen, but also 
negative hydrogen tends to lose elections. A sui vey of equations 
(i) and (3) indicates that a negative hydiogen atom may he moie 
potent as a reducing factor than a neutial hydiogen atom since 
the former yields two electrons and the lattei only one m the 
transition to the positive state. The activity of negative hydi ogen 
as a reducing agent has been illustiated by the action of sodium 

i __ 

hydride (Na H) upon carbon dioxide. The pioduct of the 
reduction is sodium formate It may also be concluded th.it 
either negative or neutral hydrogen atoms produced at the 
cathode may function as the active i educing agent in the so- 
called electrolytic reductions 

On the other hand, positive chlorine is a more potent 
oxidizing agent than is atomic or neutral chlorine since the 
former unit may combine with two electrons while the latter 
unites with only one m the tiansition to negative chlorine, as 
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indicated in equations (2) and (4) above It has just been 
sHown, m the preceding chapter, that the formation of positive 
chlorine ions at the anode would account for the liberation of 
o^cygen during the electrolysis of very dilute solutions of hydio- 
chloric acid (low hydrogen ion concentration) accoidmg to the 
abbreviated equation - 

+ - + - 

aCl + aOH - aH + aCl \~ O a 

Theiefoie, fiom these bnefly developed points of view, the 
nascent state may be defined moie compiehensively as an unstable 
contlztion of a substance which manifests both an adaptability and 
<& tendency to lose elect ron\, or to gam electrons > and thereby revert 
2o a. more stable condition If the substance (ion, atom, or compound} 
toses electrons it acts as a reducing agent If it combines with 
tflecfronS) it acts as an oxidizing agent As a matter of fact, 
practically all actions classed as "nascent" are of an oxidation 
or a reduction type 

This conception of the nascent state selves as the basis for 
an Interpretation of the existence and the properties of u fiee 
radicals" to be fully consideied in a later chaptei It will be 
sliown that free radicals may be defined as electrically neutral 
or molecules which are capable of developing either positive 

negative valences depending upon ceitain conditions which 
jaffect the loss or gain of elections 



CHAPTER VI 

IONIC AMPHOTERIRM 

ELEMENTS which gam 01 lose electrons and theieby function in 
different ways are termed amphotenc Compounds ate desig- 
nated as amphotenc when, through diffeient modes of lonudtton, 
they function either as acids or as bases. Accoidmgly, elcit'ionii 
amphotensm relates to elements while ionic amphotcrism i elates 
to compounds It is essential to subsequent developments to 
consider buefly the phenomena of ionic amphotensm fiom the 
point of view of the electronic formulae of amphotenc com- 
pounds 

While hydrogen may function negatively and oxygen posi- 
tively, it will be found that in the electionic foimulac of most 
compounds the hydrogen atoms manifest one positive valence 
while the oxygen atoms display two negative valences. The 

+ - - + + 

simplest illustration is that of watei,H O H ^= II + Oil 

Though very slightly dissociated, water displays ionic ampholci ism 
in yielding positive hydrogen ions, characteristic of all acids ; 
and negative hydroxyl ions, typical of all bases. Thus, water 
has the unique distinction of functioning both as a veiy weak 
acid and a veiy weak base 

Ionic amphoterism 20 is manifested by both acids and bases 
(metal hydroxides) Stieglitz 27 maintains that "pionoimcerl 
amphoterism is shown by a large number of metal hych oxides ; 
it is, perhaps the rule rather than the exception " It should be 
added that many acids also show pronounced ionic amphoterism 
as is evident from the distinctive types and products of inter- 
action Foi example, hypochlorous, nitnc, and sulphuric acids 
yield not only (i) positive hydiogen ions but also (2) negative 
hydroxyl ions. From this point of view, the electionic formulae 
of these acids and their lomzation, either (i) as an acid, or (2) 
as a base, respectively, are indicated in the following schemes . 

38 
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4- - L 

H Q T 



u> ft -< oci 



'(2) HO I- Cl 



'(1) H I- ONO^ 

I 2 



.(2) HO 



H o ^ 



.(2) HO + SOjII * 2HO + S0 2 



A general electronic foimula may now be employed for each 
of these acids, namely, H -0 X, in which X = Cl, N0 aj 

or SO 3 H 

In neutralization leactions HOX, dissociating as an acid, 
interacts with bases, say NaOH, according to the ionic scheme 
foi double decomposition leactions 

H o X ^ H + ox 

Na H ^ HO Na 

H -0 H Na X 

On the other hand, when hypochloious acid acts as a chlorin- 
ating agent, or when mtnc acid ac\s as a mtiating agent, 01 
when sulphuric acid functions as a sulphonatmg agent, the acids 
dissociate as bases The chloimation, mtiation, or sulphonation 
of benzene likewise would confoim to the ionic scheme foi a 
double decomposition leaction 

+ - - + . - . 4- 

H X ^ 

C.H. . H * 



HO 


+ 


X 


H 


+ 


C 8 ~H B 


1 




1 


+ _ _ 


+ 




O 


TT 


P,,TT.. 



H 

The preceding schemes illustrating (i) acid and (2) basic 
dissociation of HOX aie summarized in the following reactions . 
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- - - - ~ 

(1) H OX + Na.OH -> H . OH + Na OX 

_+ _ + +_ _ 4 

(2) HO . X + C 6 H B . H -> H OH + C 6 II B X. 

It should be noted that in direct substitution icactions, i.e , 

+ i- 

when X replaces H as in equation (2), X usually leplaces II 

Such a change involves neither oxidation 1101 reduction The 
substituent, however, may, subsequently, under ceitain conditions 
function negatively In such instances (to be piescnted luteO 

the compound C 6 H 5 X manifests the phenomena of electionic 

+ + 
tautomensm (C 5 H 5 . X ^ C 6 H 5 X) 

The oxidizing action of certain oxygen acids is due un- 
doubtedly to their capacity to ionize as bases 2b The oxidi/hig 
action of hypochlorous acid has been explained in teims of its 

+ \ 

basic ionization, HO . Cl ^ HO + Cl, and the tendency of Cl 

to reveit to Cl, thus 

+ 

Cl + 2 - Cl. 

The oxidizing action of mtiic acid may be attiibutecl to 
basic dissocation For example, the oxidation of a fen on s salt 
is usually icpresented by the molecular equation 

2 FeS0 4 + H 2 S0 4 + 8HNO, -^ Fe 2 (SO,) 8 + aIJ 4 + ?N0 9 . 

- -i- - 4. 

If the nitric acid ionizes as a base, HO NO 2 ^= HO + NO a , 
then the above equation may be written lonically as follows , 

+ + - - + - - - + .|. -| i 

aFe + 2 S0 4 + 2 H + S0 4 + 2 HO + 2 NO 2 ~> l<e + ^h() 4 
+ aH 2 + aN0 2 

Eliminating the ions common to each side of the above 

+ 

reaction as well as the H and OH ions which foim water, the 
following simple equation remains 



Fe + N0 2 ~ Fe + N0 2 . 



The positive ion, NO 2 (resulting fiom the basic dissociation 
of nitric acid) is discharged by an electron from the fenous ion, 

Fe Accordingly, NO 2 is reduced to neutial or molecular 
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NO 2 which passes off as a blown gas. Concomitantly, Fe is 



oxidized to Fe If sulphuric acid weie not used in the 

above reactions, its part in supplying positive hydiogen ions 
would be played by the acidic lonization of the nitnc acid. 

As to sulphunc acid, when coppei interacts with hot con- 
centrated sulphunc acid accoi ding to the equation Cu + 2H,,SO 4 
=- CuSO 4 + 2H 2 O + 30^, one molecule of the sulphunc acid 
undeigoes (i) acidic lonization, the other undergoes (2) basic 
lonization and (3) the metal coppei becomes ionic though the 
loss of two electrons 



(!) H 2 S0 4 -> ( 2 H 1 + 


SO 4 




1-1 

(2) (H0) a so, -> UHO' 






r+ +-\ 
bOJ 


(3) Cu ^ 


. Cu * 


+ 


J 


Cu + 2H a SO d -> aH OH + Cu . SO, 4- SO,,. 



The positive ion, SO 2) is i educed to the neutral state and 
libeiated as sulphui dioxide gas. Concomitantly, metallic 

+ + 
copper is oxidized to the ionic state, Cu The summation 

of (0* ( 2 )j an ^ (3) gives the complete equation foi the reaction. 

Many other reactions aie readily inteipreted in terms of the 
ionic amphoterism of acids Subsequent applications of the con- 
ception of positive and negative valences will involve the pun- 
ciples of electronic and ionic amphoterism, and the nascent state 
as outlined in this and the piecedmg chaptei 



PART II. 

THE ELECTRONIC FORMULA OF BENZENE SUBSTITU- 
TION IN THE BENZENE NUCLEUS 



CHAPTER VII 

THE CONSTITUTION OF BENZENE. 

A. The Benzene Theory. 

IN 1865 Kekul6 29 pioposed his well-known foimula for benzene, 
involving the assumptions that the six carbon atoms m benzene 
form a closed chain 01 nucleus, that the molecule is symmetrical^ 
and that each carbon atom is dnectly united to one and only 
one atom of hydiogen These assumptions are embodied in 
the partial structural formula : 

H 

H /C\ /H 
\c/ \c/ 

C \H 



H 



which, however, does not take account of the fourth unit of 
valency of the caibon atoms in the nucleus. The disposition of 
the fourth valence has been the occasion of extended discussion 
and speculation 

Since 1865 a vanety of benzene foimulsehave been pioposed, 
foremost of which are the following the unsymmetiical foimula 
of Sn James Dewar (1865), the diagonal formula of A Claus 30 
(1867), the pusmatic foimula of A Ladenburg 1 * 1 (1869), the 
"centnc formulae " of H E Aimstiong 82 (1887), and Baeyer 38 
(1888) In addition to the foregoing plane foirnulae, a number 
of steieochemical configuiations of the benzene complex are 
noteworthy the octahedial foimula of Julius Thomsen 84 (1886) , 
W Vaubel's 35 configuration (1894) ; the Sachse 86 model (1888) , 
the dynamic foimube of J. N. Collie 37 (1897); and the device 
of B. Komg S8 (i9o5) 

It is not the purpose of this monogiaph to discuss the 
characteristic features of the foregoing benzene theories. Their 

45 
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respective merits or elements can be determined by a caieful 
study of the references cited, which will leveal the fact that none 
of the proposed foi mulae is accepted as complete H. E. Arm- 
stiong 39 summarizes the situation as follows- "The deteimma- 
tion of the 'structuie' of this hydrocaibon [benzene] has given 
rise to a large amount of paper warfare Two tendencies may 
be said to have been biought out m the course of the discussion 
on the one hand, the desire to airive at a deteimmation of the 
actual stiucture, on the other, the desne to devise foimulai 
which shall be faithful to the functional behaviour and bioadly 
indicative of the structuial relationship of the constituent ele- 
ments The lattei is perhaps the tendency which is now in the 
ascendant we aie beginning to realize particulaily in the case 
ofcaibon compounds that foi mulae are piimauly expiessive of 
behaviour being based on the obseivation of behaviour " 

Notwithstanding these developments, we are still confiontcd 
with the fact that none of the proposed foi mulae foi benzene has 
lent itself to a uniform systematic explanation of substitution 
in the benzene nucleus and the many anomalous leactions of 
benzene and its derivatives. The foremost authority on the 
pioblem of substitution m the benzene nucleus, A F Holleman, 40 
has recently written as follows " Notwithstanding the fact that 
the pioblem of substitution in the benzene nucleus has been 
studied intensively enough of late, there still lemams a funda- 
mental question which has not yet been solved , it is the question 
of knowing the leason why such or such group duects a newi 
substituent chiefly to the paia-ortho positions 01 chiefly to the} 
meta position". * 

The great vanety of benzene foimulse and then maiked de- 
ficiencies m interpreting and correlating the behaviour of benzene 
and its deiivatives, especially the substitution reactions, has led 
to the generally accepted conclusion that the constitution of the! 
benzene nucleus presents a remarkable case which must be dealt \ 
with in the formulation of any complete theory of valence. Hence, J 
a critical test of the utility of the electronic conception of positive 
and negative valences may be made by applying the pnnciples 
developed in the preceding chapters to the constitution of the 
benzene nucleus. An electronic foimula for benzene is thereby 
denved. No claim whatever is made that this electronic foimula 
ib the final solution to the manifold problem of the constitution 
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of benzene, but it will be shown that the electronic foimula of 
benzene and the underlying principles of the electi onic conception 
of valence affoid a means of mterpieting and conelatmg many 
hitherto unexplained chemical, physico-chemical, and steieo- 
chemical pioblems presented by benzene and its derivatives. 

B. The Electronic Formula of Benzene. 

In the benzene foimulae pioposed by Kekule", Glaus, Aim- 
stiong, and Baeyer, lespectively, two of the units of valency of 
each of the six caibon atoms function in the formation of a closed 
homocychc ring or " benzene nucleus ". The thud unit of valency 
engages a hydiogen atom The disposition of the fouith unit 
of valency led Kekul6 to piopose the existence of three "olefm" 
or double bonds in the ring. It is conceded that these aie not 
of the same nature as the double bonds in the hydrocarbons of 
the olefin series In the Clans and Ladenbuig foimulse, the 
fouith unit of valency, 01 bond, is lepiesented ab ditectly united 
to three othei caibon atoms In the Aimstrong and Baeyer 
"centric" formulas the fouith unit of valency is directed towaids 
a centre This signifies that the six caibon atoms of the img 
have a general atti action for one anothei but they aie not directly 
united in the usual way by the fourth unit of valency To what 
configuration, then, is the electronic conception of valence to be 
applied in order to derive an electi onic formula for benzene? 
The configurations just noted aie plane and static a compie- 
hensive benzene configuration must be stereochemical and 
dynamic 

In a discussion of the rnents of the vanous space foimulae of 
benzene, Stewait 41 states that "the objections biought against 
the older types of space foimulse show that any advance in this 
btanch of the subject must follow the lead given by Kekul6 
when he adopted the idea of a system in vibration as the best 
repiesentation of the benzene molecule At the present day, 
the idea that benzene is one paiticulai substance which can be 
repiesented at all times and undei all conditions by the same 
iigid formula finds veiy few suppoiteis among those who have 
studied the question thoioughly It is becoming generally 
fiecognized that the benzene molecule is in a state of continual 
jvibiation, and that the only satisfactory space foimula will be 
one which lepiesents all the othei formulae as phases of its own 
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motions, and which may even suggest the possibility of new 
phases as yet unrecognized The mam outlines of such a foi mula 
have been indicated by Collie ,^ and it seems piobable that any 
space formulse of benzene which may be proposed in the futuie 
will agree with his in essentials " 

Collie's well-known space formula of benzene compnscs a 
system of six carbon atoms (tetrahedra) each united to a 
hydiogen atom Movement in this system can take place in 
two ways (i) Movement of each tetrahedron about its centre, 
(2) movement of each tetrahedion about the centie of giavity of 
the whole system The plane projections of the symmetncal 
configurations rendeied possible are represented by Collie as 
follows 




First phase 



Kekule's 
formula 



H 

Centric 
formula 



Kekule's 
formula 



As stated by Stewart, 43 "this space formula for benzene, 
theiefoie, is in complete accord both with the Kekule" and the 
centric formula, showing that they are mutually conveitible 
into one another It also shows how the supposed double 
linkages of the Kekule" foimula shift between the carbon atoms, 
rendenng the existence of two o-toluidmes impossible But it 
differs from both in that in two out of five configuiations theie 
are two distinct sets of hydrogen atoms " The Collie 

formulae are "in perfect accord with the formulae of Ladenbuig, 
Claus, or Dewar, or that of Baly, Edwards, and Stewart. This 
adaptability is not possessed in any degree by pievious space 
formulae, and it is this which makes the Collie foimula superior 
to the others," 

If this pie-eminence be granted to the Collie space foimula, 
then it is the formula to which the electiomc conception of 
valence should be applied in order to denve the most compre- 
hensive electronic formula for benzene. In making this apphca- 
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tion it will be sufficient, foi the piesent, to considei in detail the 
constituent atoms of only one of the five mteiconveitible phases 
of the plane pi ejections of Collie's space foi mulae, namely, the 
centric foimula The deuvation of an electionic foimula fioni 
the centric foimula will now be considei ed. 

The quadnvalent caibon atom may function electiomcally in 
five different ways 



H 

-C + 
+ 
II 



f 

- c 
III 



- c - 



IV 



_ c - 



V. 



If benzene nuclei (centnc formulae) aie composed of these 
seveial types of caibon atoms, each nucleus consisting of thiee 
pans of the combined types I and V , II and IV., and III and 
III, symmetucally co-ordinated, then six and only six centnc 
electionic foimulse, 01 electromers, aie possible. They aie as 
follows (A F) 








It has been noted that theie aie five plane projection foi mulae 
of the Collie space formulae foi benzene of which the centric 
formula is one. Now since there are six centric electronic 
formulas for benzene, (A F), it follows that there aie six 
tirne^ as many electionic foimula? for benzene as theie aie plane 
formula in the Collie system. If we disiegaid the double bonds/ 
of the Kekul6 formulae and the centnc bonds of the centric/ 

4 
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foimulse, an abbreviated electronic foimula foi benzene is lepre- 
sented thus 

H 

H + r + "*" H 



H 

This formula is typical of each of the possible electronic 
formulae 01 electromers of benzene Wh^le it has been denved 
in an a priori manner, so to speak, theie are, neveitheless, pio- 
nounced reasons for its pioposal. These reasons are embodied 
in the following distinctive characteristics. 

(1) If the hydrogen atoms in positions 1,3, and $ are negative, 
those in positions 2, 4, and 6 aie positive Or, since the electiomc 
formula is perfectly symmetrical, if the hydrogen atoms in posi- 
tions i, 3, and 5 function positively, then those in positions 2, 4, 
and 6 function negatively 

(2) The Kekul6 and Centnc formulae of benzene fail to show 
any structural basis foi the relationships existing between ortho- 
and para-positions in contradistinction to the meta-positions. 
The electronic formula shows at once that if a given hydrogen 
atom or substituent is negative, then those hydrogen atoms or 
substituents ortho and para to it aie each positive, while those 
meta to it are each negative Or, if a given hydrogen atom or 
substituent is positive, then those atoms 01 substituents oitho 
and para to it are each negative, while those meta to it aie each 
positive. 

(3) Fiom the foregoing, it is evident that the electronic 
foimula for benzene presents, per se, the basis for a definite sub- 
stitution rule, namely, when substituents are of the same sign or 
Polarity they will occupy positions which are meta to each other , 
if two substituents are of opposite sign or polarity they will occupy 
positions either ortho or para to each other 

(4) Collie's space foimulse foi benzene, the plane projections 
of which have been noted, show, in two of the five phases, the exist- 
ence of two sets of hydrogen atoms, namely, the I, 3, 5- and the 
2, 4, 6-set Concoidantly, theie exists in every electionic formula 



THE CONSTITUTION OF BENZENE 51 

foi benzene a I, 3, 5- and a 2, 4, 6set of hydiogen atoms, the 
one set being of opposite sign or polarity to the other set The 
existence of two sets of hydiogen atoms enabled Collie to pie- 
sent a stereochemical explanation of the Cium Brown and 
Gibson Rule foi the foimation of di~substituted derivatives of 
benzene The electionic foimula of benzene affoids an entnely 
new mteipietation of this inle an'l explains why ceitam mono- 
substituted denvatives of benzene yield chiefly oitho- and paia- 
di-substituted compounds, while other mono-derivatives yield 
chiefly meta-di-substituted pioducts Many other anomalous 
icactions of benzene and its derivatives find an interpretation 
in the electionic foimula and the conception of positive and 
negative valence. 

(5) The electionic formula of benzene in conjunction with 
'the principle of electionic tautomensm affoids an explanation of 

the simultaneous foimation of ortho-, paia-, and meta-substituted 
* dei ivatives of benzene. 

(6) The electronic formula of benzene permits the develop- 
ment of conelations with the additive and constitutive effects 
which are appaient in the molecular volumes of certain benzene 
deuvatives 

(7) Phenomena of light absorption and fluorescence are 
interpreted m terms of the existence of electiomers in dynamic 
equilibrium 

The electronic foimulae of benzene, naphthalene, anthracene, 
and phenanthiene, and the systems of dynamic equihbiia of then 
vauous electiomers will be presented m Part III , after the 
chemical piopeitiesof benzene and its denvatives have been fully 
consideied 



CHAPTER VIII 

THE ANOMALOUS BEHAVIOUR OF SOME DERIVATIVES OF 
BENZENE. 

IT is the purpose of this chapter to show that many hitheito 
unexplained reactions of certain derivatives of benzene may be 
correlated with and interpreted in terms of the electronic foimula 
of benzene and related conceptions of positive and negative 
valence 

A. Ortho-, Para-, and eta-Chloronitrobenzenes. 

Why does(i) chlorobenzene, on nitiation, yield only ortho- 
and para- chloi onitrobenzenes while (2)nitiobenzene, on chlonna- 
tion, yields only meta-chloromtrobenzene ? Before an answer is 
proposed, it is expedient to consider the nitration of benzene. 

When benzene is dnectly mtiated, i e , interacts with HO NO a , 
in which icaction nitric acid undergoes basic dissociation, mono- 
nitrobenzene is foimed accoiding to the electiomc scheme 



I 



H H 



H - + I 

+ HO N0 -> 



N0 + - 

" + H OH 



H+ H + 

) The positive nitro radical of mtnc acid replaces a positive 

.Jb* A) Ihydiogen atom of the benzene nucleus. It is thus that all direct 

" f s *> ' * \substitution reactions effect the introduction of a positive substitnent. 

; This positive substituent may, subsequently, function negatively 

accoiding to the principle of electronic tautomeiism, to be de- 

scribed fully in a later chapter. Now it is well known that 

-' monomtrobenzerie on nitration yields wwte-dmitrobenzene Ac- 

cording to the electronic formula for mononiti obenzene the sub- 

stitution of another positive nitro radical can take place in the 

me fa position only since the positions meta to the nitio radical 
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aie occupied by positive hydrogen atoms Hence the formation 
of rneta-clmitrobenzene conforms to the electronic scheme 




|NOo 



i 

HO NO, 



i- 



H 
/\ 

N 



+ H OH 



N0 2 + 

Having noted the electionic explanation of the nitration of 
benzene and of niti obenzene, we can mteipret (i) the nitiation of 
chlorobenzene, and (2) the chlonnation of niti obenzene as fol- 
lows, (i) Chlorobenzene, on nitiation, yields oitho- and paia- 
chloromtrobenzene The electronic foi mula foi benzene indicates 
that substituents occupying positions eithei 01 tho 01 para to each 
other aie of opposite polarity. Nitiation, as just noted, effects 
the substitution of a positive nitio ladical Theiefoie, the 
chlorine atom in chlorobenzene must be negative, otheiwise 
ortho- and para-chloiomtiobenzenes would not be formed Thus, 
one concludes that the nitration of chloi obenzene confoims to 
the following electronic scheme in which the positive nitro 
radical assumes positions ortho and paia to the negative chlorine 
atom 



ci 






H 




NO, 



H- - 
+ H . OH 



+ HO N0 2 



,H\/ H 

H + 



Cl 



H 



H 



i _ 

+ H . OH 



\/ 



(2) On the other hand, nitrobenzene on chlormation yields 

only meta-chloromti obenzene The nitio mdical in nitrobenzene 

+ 

is positive The action of chloime, Cl . Cl, upon nitrobenzene, 
a direct substitution, effects the introduction of a positive chloime 
atom , the positive hydrogen atom thus replaced combines with 
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j_ _ 

the negative chloime atom yielding hydiogen chlonde H Cl. 
Accoiding to the electionic formula of benzene the positive nitio 
radical and the positive chloime atom, being of the same sign, 
must occupy positions meta to each other In fact, meta- 
chloromtiobenzene is the product of the chlonnation icaction 
which conforms to the following electronic scheme 




H 






Cl 



Cl Cl 



NO, 



+ H Cl 



H + 

This leaction is perfectly similar to the nitiation of nitio- 
benzene in each instance a meta-didenvative is formed 

The interpietations of the preceding reactions (i) and (2), 
in terms of the electionic formula of benzene indicate that the 
chlorine atom is negative m ortho-and in para-chloiomtiobenzene 
while in rneta-chloronitrobenzene it is positive Is theie any 
other experimental evidence to substantiate these electronic 
formulee of oitho-, para-, and meta-chloiomtrobenzenes? 

The experimental verification is found in the appaiently anom- 
alous behaviour of oitho-, para-, and meta-chloiomtrobeiuenes 
when heated with alcoholic solutions of potassium hydioxicle, 

K OH The oitho and para compounds, but not the meta, aie 
found to undergo complete hydrolysis, exchanging then chloime 
atoms for the negative, hydroxyl ladical. Oitho- and para- 

nitrophenol and potassium chlonde, K Cl, are the pioducts of 
the reaction Therefoie, the chlorine atoms in oitho- and para- 
chloiomtrobenzenes aie negative and then mter-ieactions with 
potassium hydi oxide takes place as follows 



Cl 



H 



H 



\/ 

H + 



H 




NO, * H |H + - 

+ K OH 
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OH 

H /\ + 

H NO, Hf N iH + 

01 | I + K Cl 




H + 

On the other hand, since meta-chloiomtiobenzene does not 
exchange its chlorine atoms foi negative hydioxyl, it follows that 
the chloime atom in the meta compound is not negative 
Theiefore, it is assumed to function positively (Fiuthei evi- 
dence that positive chloime in the benzene nucleus lesists removal 
in hydrolytic leactions is piesented in Section C of this chaptei ) 
The biomomtiobenzenes aie exactly similar in then behaviour 
to the chloromtiobenzenes Hence, the electiomc formulae foi 
the chloio-, bromo-, and hydioxy-mtrobenzeneb aie summanzed 
as follows (X = Cl, Br, or OH) 




X 



H 



H 



X 



H 



N0 2 + 
para 



H + 

meta 



The mteipretations and coi relations herewith piesented in 
teims of electiomc foimulje are not possible in terms of the 
ordinal y structiual formulae commonly employed in the past 

B. Action of Halogens upon Silver Benzoate. 

Silvei benzoate icacts leadily with liquid bromine, and 
violently with iodine at a tempeiature of 150 The pioducts 
are meta-bromo- and meta-iodobenzoic acids and Silvei bromide 
and iodide lespectively (X <= Bi or I) 



H 



/\ 



COOAg 



r/\ 



AgX 



\/ 



coon 



Why does the halogen atom which enters the ring assume a 
position meta to the carboxyl m preference to an ortho or para 
position ? According to the electronic conception of positive and 
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Therefore, the entenng positive halogen atom, in substituting a 
positive hydiogen atom, must likewise occupy a position meta to 
the positive caiboxyl ladical This leaction and the electionic 
formula of benzene aie thus con elated Fmtheimoie, the dis- 
sociation of the halogen molecule into positive and negative 
paits, as indicated in the above equation, is a confiimation of 
the idea suggested at an earlier date by W A Noyes 41 that " if "" 
we suppose what seems not to be improbable, that all reactions ! 
involving the decomposition of molecules aie pieceded by an- 
lomzation of the parts of the molecules, it would follow thatJ 
elementaiy molecules as well may ionize into positive and 
negative paits" "^ 

C. Transference of Radicals from the Side-Chain to the 

Nucleus. 

Vanous isomenc changes, stereochemical leairangement re- 
actions, may be explained in terms of the electionic conception 
of valence and the electronic foimula of benzene The lemark- 
able reanangements chaiactenstic of the substituted nitrogen 
hahdes investigated by Chattaway and Orton 45 aie of particular 
mteiest For example, acetamlide on tieatment with hypochloi- 
ous acid yields phenylacetylnitiogenchlonde which is readily 
transfoi med into jtara-chloroacetamlide This on treatment with 
hypochloious acid gives paia-chlorophenylacetylnitrogenchloiide 
which is tiansfoirrfed into 2 4-dichloroacetamhde Proceeding 
thus, the final product is 2 4 6-tiichloroacetanihde which will 
not undergo rearrangement These successive changes are sum- 
manzed in the following scheme in which R = foimyl, acetyl, or 
benzoyl, X = Cl 01 Bi > 



HOX 



RNX 
/\ 

\/ 

RNX 



/\ 



HOX 




RNH 
/\ 



\/ 

X 

RNH 
,/\ 



HOX 



RNX 
/\ 

V 

RNX 



X X 
HOX 



\/ 

X 



X 



\/ 

X 



Why does the entering halogen atom invariably migiate to 
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a position in the nucleus para or oitho to the ammo group, pio- 

vided these positions aie unoccupied? Aniline as a deiivative 

+ _ _ + 
of ammonia, H N H, may be tepiesented by the abbicvi- 



H 



ated electiomc foimula, C 6 H S 



-NH 



The radical NH 2 is 



negative and accoidmgly must occupy the position of a negative 
hydiogen atom of the benzene nucleus The halogen atom in 
hypochlorous 01 hypobiomous acid (X = Cl or Bi), has been 
shown to function positively and its interaction with an anilide 
to confoim to the reaction 



R 

+ - - + _ + 

C,H B N H + HO X 



R 

+ - - + H- - 

C 6 H B N X + H . OH. 



The following moie comprehensive electronic foimula foi 
phenylacylmtrogenhalide follows 



RN 




H 



Theiefore, in the piocess of ti ansfoi mation into a less labile 
isomende, it is self evident that the positive halogen atom can 
exchange positions only with a positive hydiogen atom of the 
benzene nucleus , i e , m passing fiom the nitrogen atom to the 
nucleus it must assume either the para 01 ortho positions with 
respect to the attachment of the NH 2 - 01 RNH - radical which 
functions negatively When the para and both oitho positions 
aie occupied, as in 2,4, 6- tnbromoacylnitiogenbiomiclej one finds 
that rearrangement is theoretically impossible from the point of vwv 
of the electronic formula and it cannot be effected experimentally, 
This two-fold conclusion constitutes a proof of the identity of 
polarity of the positions 2, 4, and 6, of the benzene nucleus, each 
of which is occupied by a positive chlorine atom in the tnchloio- 
or tnbromo-phenylacylnitrogenhahde Furthermore, the posi- 
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tive chlonne atoms of the nucleus lesist hydiolysis and in this 
lespect icsemble the positive chlonne atom in metachloromtio- 
benzene which does notimdeigo hydiolybis On the othei hand, 
lecall that the chlorine atoms are negative in oitho and paia 
chloiomtiobenzenes which compounds aie completely hydiolyzed 
yielding lespcctivcly oitho and paia nitiophenols 

Aniline and phenol, on bi animation, aie quickly and quantita- 
tively conveitecl into 2, 4, 6- tiibromoamlme and 2, 4, 6- tnbiomo- 
phenol, i e , the bromine atoms occupy positions in the nucleus 
ortho and paia to the ammo and hydioxyl radicals in the 
respective compounds These leactions aie identical in their 
natuie to the rearrangements which characterize the substituted 
nitrogen hahdes The explanation of these changes in teims of 
electronic foimulse aie also identical m principle and method 
This follows fiom the exact similarity existing between the 
electronic foimulae of aniline and phenol 



H N H 





The negative ammo ladical of aniline and the negative 
hydioxyl radical of phenol each contains a positive hydrogen 
atom which is leplaced by a positive bio mine atom on mteiaction 
with fiee biomme or hypobromous acid On leairangement, 
the positive bromine atom can assume only those positions in 
the nucleus which are occupied by positive hydrogen atoms 
these are the positions ortho and para to the negative ammo and 
the negative liydroxyl radicals. Consequently, these substitutions 
and leairangements, following in rapid succession, conform to 
the scheme indicated foi the substituted nitrogen halides , the 
final products aie 2, 4, 6- tnbromoamhne and 2, 4, 6- tubiorno- 
phenol 
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HNH OH 




H 



H 




H 



H 



Many other reauangements involving tiansfeience of ladicals 
from the side-chain to the nucleus, i e, fiom mtiogen to nuclear 
carbon, conform to the piecedtng interpretation. The following 
examples aie notewoithy Hofmann and Mai tins 40 found that 
the hydrochloride of aromatic methylammo compounds at 250- 
350 suffered tiansference of the methyl gioup from the mtiogen 
to the ortho and para caibon atoms of the nucleus Thus, 
monomethylamlme yields oitho-toluidme and para-toluidme, 
,/ and lepetition of the process lesults finally in the formation of 
2, 4j 6- curmdme 

NH 



CH,+ 

The mtrosamine of monomethylamlme, accoi ding to Fischer 
and Hepp 47 yields para-mtiosomethylaniline, and, in similar 
fashion, phenylmtramine, according to Bambeiger, 18 changes to 
ortho- and para- mtraniline. The well-known benzidme and 
semidme conversions, and a variety of rearrangements to oitho 
and para positions encountered in the synthesis of many dye- 
stuffs conform to, and therefore, confirm the electiomc formulas 
of benzene and its substitution products It is electronic foimuke 
only which indicate the way in which these reauangements take 
place ordinary structural formulae do not lend themselves to 
an mteipietation of these apparently anomalous leactions 

D. Positive and Negative Carboxyl Radicals. 

Some carboxyl radicals of certain derivatives of benzene 
leadily suffer decomposition with the elimination of carbon 
dioxide 

R COoH -> R H + CO,. 
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Othei carboxyl ladicals, undet the same conditions, are quite 
stable May not this difference in stability be due to a difference 
in the polarity of the valence which binds the carboxyl radical 
to the benzene nucleus? Facts will now be consideied which 
show that the polarity of the carboxyl radical has a definite influ- 
ence upon the pioperty of the compounds, or moie particularly 
upon the stability of the carboxyl ladical itself A compound 
containing two caiboxyl radicals m positions ortho to each other 
is found in phthahc acid Accotdmg to the electronic formula 
foi benzene one of the caiboxyl radicals of the acid should be 
positive while the othei is negative as indicated m the formula 




H 



C0 2 H 



Is there any experimental evidence to justify this difference 
m the attachment of the caiboxyl gioups to the nucleus? 
Baeyei 49 has shown that the A 3 - 5 A 2 ' 4 , and A 2 - 6 dihydiophthahc 
acids yield benzoic acid on oxidation. He attributes this to aJ 
shock (Erschutterung) to the a-carbon atom which causes it to 
lose carbon dioxide, this effect being associated with the change 
from ethylene to centnc linkages, thus 



H 2 C/ \C.COOH HC/ ^C COOH HC/ \C SC0 2 |H 



C COOH 



H 



COOH 



HC< I /C COOH 
\C/ 



H 



H 



H 



Bum], 50 in a critical examination of Baeyer's " Ei schutterung 
Theory," asks why only one molecule instead of two molecules of 
caibon dioxide is removed fiom the acids m question, and has 
sought to explain the chemical behaviour of the dihydro acids 
on the simple basis of their difference of stability, which view 
has the advantage of being independent of any structural hypo- 
thesis But Bruhl, according to Cohen, 51 " fails to perceive that 
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by avoiding any reference to stiucture as affecting stability, he 
is begging the question " It must then be concluded that up 
to the present time there is no satisfactory stiuctuial explanation 
as to why only one molecule of carbon dioxide instead of two is 
icmoved fiom the seveial dihydrophthalic acids investigated by 
Baeyer 

The electionic foimula of benzene leqnues that substituents 
occupying ortho positions to each other be of opposite polaiity 
Consequently in the phthahc acids one carboxyl ladical functions 
positively and the other negatively as pieviously indicated If 
reference be made to the electronic foimulce of foimic and cai- 
bonic acids, it is evident that the caiboxyl radical in formic 

JL 

acid is negative (H -- CO OH) while m caibomc acid it is 

_ + 

positive (HO -- COOH) Fuithermoie, in formic acid thiee 
of the valences of the carbon atom are positive and one is nega- 
tive Accoidmgly, formic acid on decomposition oidmanly 
yields caibon monoxide and watei 



H -> H -- -- H + 



f + 



The nee positive and the free negative valence of the caibon 
atom in carbon monoxide become neutral In othei woids, 
carbon in carbon monoxide is bivalent 

+ j_ _. _L. _ 

nr T^ 

C/-\ r\ r\ 

r-r-r.-.(J C U 

_ J- J- 

On the other hand, in carbonic acid and its anhydride each of 
the four valences is positive Accoidmgly, cfarbonic acid on de- 
composition yields watei and carbon dioxide 

+ --++--+ + _ _ 4. _ .|, + _ 

H C O H ~ H -O H 4- 0----C-^==0 



From the above it is evident that a carboxyl ladical which is 
negative conesponds to the stage of oxidation lepresented by 
the carbon atom m formic acid, which does npt lose carbon 
dioxide. On the other hand, a carboxyl radical which is 
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positive conesponds to the stage of oxidation lepiesented by 
the caibon atom in carbonic acid, which very icadily loses 
caibon dioxide Theiefore, the phthahc acids which embody a 
negative carboxyl ladical and a positive caiboxyl ladical, lose 
only one molecule of carbon dioxide, a lesult of the decomposi- 
tion of the positive caiboxyl ladical as indicated in the follow- 
ing scheme 







This explanation may now be extended to the inteipretation of 
many other anomalous phenomena involving the liberation of 
caibon dioxide from various substituted benzoic acids 

E. Elimination of Carbon Dioxide. 

Cazeneuve 52 in a study of the decomposition of various 
hydroxybenzoic acids found that some of them readily lose 
carbon dioxide when heated with water or aniline, while others 
were quite stable. For instance, orthohydioxybenzoic acid 
(salicylic acid) when heated withjamlmejo 240 in a sealed tube 
gave phenol and carbon dioxide Parahydi oxybenzoic acid 
likewise gave carbon dioxide but the mcta acid yuffeied no 
change The instability of the ortho and the para acids and the 
stability of the meta acid may be mteipieted m terms of the 
electiomc foimula of benzene and the polatity of the caiboxyl 
radicals These ladicals m oitho- and para- hydroxybenzoic 
acids must function positively, i e., they conespond to the state 
of oxidation lepresented by caibonic acid and therefore may 
yield carbon dioxide Furthermore, if the hydroxyl ladical m 
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the hydroxybenzoic acids is negative, then the electronic foimulae 
for the ortho- and para-hydioxybenzoic acids lequire that the 
carboxyl radicals be positive, while the caiboxyl radical in the 
meta acid must be negative The meta carboxyl radical being 
negative corresponds to the state of oxidation of foimic acid 
and, theiefore, does not lose carbon dioxide The con elation of 
these phenomena with the conception of positive and negative 
valences is expiessed in the following formulae foi oilho-, paia-, 
and meta-hydioxybenzoic acids 



OH 
/\+ + 

jCOOH H 


OH 
/\ 


H 


Ji 5 

H + 


\/ 

i-co 


H 
OH 



OH 



H 



H 



H 



COOH 



H + 



(unstable lose carbon dioxide) (stable) 

Fiom the above, a geneial conclusion may be drawn, namely, 
that a carboxyl radical either ortho or para to a negative radical 
ts positive and) therefore, unstable, yielding carbon dioxide when 
heated with -water or aniline On the other hand, a carboxyl 
radical meta to a negative hydroxyl radical is also negative and, 
therefore, stable, not yielding carbon dioxide when heated with water 
or aniline 

The above conclusion receives remaikable confirmation by 
the recent and numeious experiments of Hemmelmayr 58 in an 
extensive research " Concerning the influence of the nature and 
position of substituents upon the stability of the carboxyl radical 
m the substituted benzoic acids". Cazeneuve estimated the 
relative stability of the carboxyl radicals by companng tempeia- 
tures at which different compounds eliminated carbon dioxide 
Hemmelmayr's method is more compiehensive, in that he heated 
weighed quantities of various acids with either 50 c.c. of watei 
or 50 cc of aniline and estimated quantitatively the amounts of 
carbon dioxide liberated In this mannei he expeumented with 
thirty-nine diffeiently substituted hyclioxybenzoic acids Their 
behavioui in general conformed to the uile indicated above In 
other words, an examination of the formula showed that every 
acid which contained a carboxyl radical eithei ortho or para to 
an hydroxyl radical yielded carbon dioxide On the othei hand, 
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those acids in which the caiboxyl gtoup was neithei oitho noi 
paia, but only meta, to an hydroxyl ladical did not yield carbon 
dioxide Thnty-five of the thuty-nine variously substituted 
hydroxybenzoic acids confoimed to this geneiahzation Among 
thirteen mono-, di-, and tnhydroxybenzoic acids theie was not 
one exception. Hence, it must be concluded that the electronic 
formula of benzene and the conception of positively and 
negatively functioning carboxyl radicals affoid an mterpietation 
of the anomalous behaviom of numerous and differently sub- 
stituted hydioxybenzoic acids, some of which lose caibon 
dioxide while others do not 

While it is thus evident that positively functioning caiboxyl 
radicals lose carbon dioxide when heated with water or aniline, 
nothing has been found in the hteiatuie which would indicate or 
explain the mechanism of these reactions 



F The Mechanism of the Elimination of Carbon Dioxide. 

In attempting to explain the action of water or aniline it 
should be noted that each of these reagents which effect the 
elimination of carbon dioxide contains an unsaturated atom, i e , 
oxygen may mciease its valence from two to four while nitrogen, 
in aniline and other amines (or ammonia), may increase its 
valence fiom three to five Foi instance, the combination of 
aniline with hydrogen halide may be represented as follows 



C 6 H 5 NH a = "-^N -H H^X > H~~N 

H H X 

Since Hemmelmayi has found that amines other than aniline 
effect the elimination of carbon dioxide it is advisable now to 
limit this explanation to the unsaturated state of the nitrogen 
atom in amines 

In a recent papei 54 I have shown that the unsaturated 
nitrogen atom m the amme, pyiidme, lends itself to the elimina- 
tion of hydrogen sulphide in a new icaction for the preparation of 
thiocarbamlides, accoidmg to the equation 



5 
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/ H 
2 RNH, + CS 2 + C 8 H 8 N -> (RNH) 2 CS + C 5 H D N( 

\SH 
,H 

C B H S N( -> C 8 H 6 N + H SH. 

\SH 

In oilier woids pyndine combines with the elements of hydrogen 
sulphide foimmg the unstable pyiidmiurn sulphide which, decom- 
posing, legeneiates the original pyndine and eliminates hydiogen 
sulphide Analogously, it may be assumed that an unstable addi- 
tion compound of an amine and the oxybenzoic acid zs formed which^ 
decomposing, tegenetates the amine and liberates carbon dioxide 

The validity of this assumption was put to an expenmental 
test by employing pyndine as the amine and chloiocarbomc 
ethylester as an analogue of an hydroxybenzoic acid. The 
possibility of the elimination of caibon dioxide fiom chloio- 
carbomc ethylester is wai ranted, since all of the valences of its 
carbon atom aie positive and so coriespond to the state of oxida- 
tion of the caibon atom in carbonic acid and caibon dioxide 
This follows from its mtei action with water 

-++-- + + - - + + - 

Cl C C 2 H B + H H _> H 1C + 



H + Q 



It should be noted, parenthetically, that chloiocaibonic 
ethylester is veiy frequently, but mconectly, called " chloio- 
forrmc ethylester " which implies that it is a derivative of formic 
acid If such weie the case then its caibon atom must possess 
thiee positive valences and one negative valence in ordei that it 
conectly correspond to the state of oxidation of the caibon atom 
in formic acid Its electronic foimula would then be as follows 




This " electromer " if hydrolyzed could not yield carbon 
dioxide directly. The products would be hypochlorous acid, 
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H O Cl, and ethyl formate 



o 

but, as just noted, this is not the case. 

When chloiocarbonic ethylester is dissolved in an anhydious 
solvent (carbon tetiachlonde, benzene, or toluene) the addition 
of a like solution of pyndme yields at once an extiernely unstable 
addition-compound (white solid, not yet isolated) which spon- 
taneously decomposes, liberating carbon dioxide and ethyl 
chloride Experiments were perfoimed in order to deteimme 
quantitatively the extent of the decomposition of vanous amounts 
of chlorocai borne ethylester by a fixed amount of pyndme The 
results of these experiments aie embodied in the following table, 
which piesents the molecular ratios of the interacting substances, 
the quantities employed, the amount of carbon dioxide evolved 
and the coi responding percentages of the theoretical yields of 
carbon dioxide based upon the ratio CO 2 C1CO 2 C 2 H 5 



Molecular Ratios 

2C 5 H B N iClC0 2 C 2 H B 
3 C.H 5 N 2 C1C0 2 C 2 H S 
2 C B H B N 3 C1C0 2 C 2 H 5 


C B H B N 
(Grams) 


ClC0 2 C 2 H fi 
(Grams) 


C0 2 
(Grams) 

o 9720 
I 8960 
27305 


Per Cent, 
of Theory 


3 '95 
395 
395 


271 
5 42 
813 


8836 
86 18 
8274 



The leaction mixture in the flask still contained pyndme 
which effected the decomposition of additional quantities of 
chlorocarbomc ethylester Hence it must be concluded that the 
pyndme acts as a catalytic agent in effecting the elimination of 
caibon dioxide fiom the ester thiough the mtei mediate foimation 
of an unstable addition compound. The reactions involved may 
be lepresented by the following equations 



C.HLN + Cl 




C.H. 



C.HKN. 



- + + - 



0=C=0 




CH 
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I have found that amines, othei than pyiidme, also effect the 
elimination of caibon dioxide fiom chloiocarbomc methyl-, ethyl-, 
and piopyl- esters Hemmelmayr has found that amines other 
than aniline effect the elimination of caibon dioxide fiom vanous 
hydroxybenzoic acids in which the caiboxyl ladicals have been 
shown to function positively Theiefoie, equations peifectly 
analogous to those above may repiesent the action of an amine 
of the geneial foimula R 3 N upon an hydioxybenzoic acid (01 any 
othei substituted benzoic acid in which the caiboxyl ladical is 
positive) as follows (Equations showing the foimation of the 
amme salts of the acids have been omitted as they aie not 
essential to the principal changes involved) 

(R = Alkyl, aiyl, 01 H , X = OH 01 othei substituent ) 



RN 



X C fi H 4 



ti 

.n 



+ H 



_ -I 



X 



+ -I- + 



O 

_ + 



H 



R,N 



4. _ 



The foimation of an intermediate unstable compound of the 
amme and the acid depends upon an increase in the valence of 
the nitrogen fiom thiee to five Similaily, the action of watei 
in effecting the elimination of carbon dioxide would depend upon 
the foimation of an unstable oxonium compound through an 
increase in the valence of the oxygen atom fiom two to foui as 
indicated m the following equations, which are pei fectly analogous 
to those above 



4. 



H 2 + X.CjH, - C 



H 



- + -I- - - 
H0 C 0- 



-H ~~> 



- -I- 



O 

+ 



X CII 



+ X C fi H 4 - H 



H g O. 



Thus the electronic conception of positive and negative 
valences not only indicates the nature of the radicals which, 
through the action of amines or water, lose carbon dioxide but 
it also affords a possible interpretation of the way in which the 
reactions proceed The theoretical deductions are based upon 
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expenmental lacts and data affoided by the analogous action o( 
pyndine upon chloiocaibonic ethyle-tei It is quite com enable 
that the elimination of carbon dioxide from carbavnno lompoitiith 
of the proteins in physiological processes may con fen m to the t>pes 
of leactions just described 



G Positive and Negative Nitro Groups: the Hydrolysis 
of Nitro Derivatives of Benzene. 

H 

In a compound of tjic general electionic formula II X, 

+ ~ - -i- 
the atom or ladical X is negative, but in H -- O --- X it is 

''positive For instance, m nitrous acid, H NO a , the nitio gioup 

I - + 

|is negative , but in nitnc acid, HO NO 2 , it is positive 

It is generally conceded that nitious acid may exist in two 
tautomenc forms, piesumably m equilibiium , 

H N0 2 ^ H ONO 
I II 

The electronic formulae of tautomeis I and II follow - 






I II 

In formula I. the mtiogen atom possesses one negative and 
foui positive units of valence, the algebraical sum of which i-> 
three positive units If the hydiogen atom is tiansfenect fiom 
the nitrogen to the oxygen atom thiough the opening up of one 
of the double bonds between nitrogen and oxygen, the following 
mtei mediate stmcture may result 

4- 

= N Q 

+ ' 



H 
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It is assumed that polarization of the free positive and free 
negative unit of valence leaves the nitrogen atom in lesultdnt 
tautoraer II. with thiee positive units Thus, it is evident that 
in each of the tautomers, I. and II , the nitiogen atom possesses 
algebiaically three positive units of valence, and this maiks the 
state of oxidation of the nitrogen atom in niti ous acid and the 
nitrites. In either tautomenc form the NO 2 01 ONO radical 
functions negatively 

On the othei hand, in nitric acid and the nitiates the nitio- 
gen atom is in the state of oxidation repiesented by Jive positive 
umts of valence as indicated in the formula 






Here the N0 2 ladical functions positively 

It may now be shown that the benzene nucleus may embody 
both positive and negative mtio gioups, and that the latter, in 
hydrolytic reactions, yield nitrous acid or nitntes 

Phenol, when directly nitrated, yields oitho- and para-mtio- 
phenol Further nitration yields the two isomenc I, 2, 4- and 
i, 2, 6-dmitiophenols Finally, nitration of either of these pio- 
ducts gives the symmetncal trmitio derivative, picric acid. 
These icactions are summanzed in the following electronic 
equation . 




OH 



- + NO 



H 






\/ 



NO Z + - 

+ sH OH 

H 



In tnmtrophenol each of the nitro groups is positive, but the 
electronic formula indicates that in tetramtrophenol a fourth 
nitro group in position 3 or 5 would be negative. Now if some 
nitro groups are positive and others aie negative theie should 
be some marked difference m their behaviour toward certain 
reagents These conclusions are substantiated by the fact that, 
as stated by J B, Cohen, 55 the nitro group m nitrobenzene is 
extremely stable compared with the fourth nitro group in tetia- 
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mtrophenol, which water will remove m the foim of nitrous acid " 
These facts aie in perfect agreement with the electronic formula 

of tetramtrophenol, the hydrolysis of which yields nitrous acid 

+ - + 
(H NO 2 01 H ONO) according to the electronic equation 



OH 



NO 



H 



N0 



+ H OH 



\/ 



NOo 




Since direct nitration with nitric acid results in the substitu- 
tion of positive mtio groups, and since m teti amtrophenol the 
negative mtio group may occupy either of the equivalent positions 
3 or 5, with negative hydroxyl m position I, it follows that 
substituents in positions I, 3, and 5 are negative while those in 
positions 2, 4, and 6 are positive This is a con6rmation of the 
electronic formula of benzene and the substitution rule 

It has been shown that halogen and carboxyl radicals may 
function either positively or negatively, depending pimcipally 
upon the relative positions they may occupy in the benzene 
nucleus Direct evidence that when nitro gioups occupy posi- 
tions ortho or para to each other, one of them functions posi- 
tively while the other functions negatively is shown by the 
replacement of only one of the nitro groups by negative hydroxyl 

.f- -J- 

or oxymethyl on mtei action with Na OH or Na OCH 3 and 

+ 
the concomitant formation of Na NO 2 For example, I, 2- 

dmitio- and I, 2, 4-trmitiobenzenes interact readily with solutions 

of sodium hydroxide ot sodium methylate The nitro group m 

_ + 

position i is replaced by OH or OCH 3 , and Na NO 2 is formed 
These reactions find an interpretation in the electronic formula 
of benzene and may be summarized in the following equation 



H 



N0 2 OH 



N0 2 + - 

+ Na OH - 



+ - 

+ Na N0 2 



HN 

\/ 

NO.+ 
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Other facts which not only indicate the existence ol negative 
nitro groups but also further substantiate the electionic foimula 
of benzene are lecorded in the recent woik of P van Rombuigh 
and I W Wensmk 50 who found that the nitio gioup m position 
3 of either 2, 3, 4- or 3, 4, 6-trmitrodimethylamlme is leadily 
leplaced either by an NH 2 or NH(CH 3 ) 

NfCHA, N(CH,)j 



NO 



\/ 



N0 



\/ 



NO 



NO 2 N0.j 

(2,3,4-) (3,4,6-) 

group on interaction with alcoholic solutions of ammonia 01 
methylamme, respectively Ordinal ily, the hydiogen atoms of 
ammonia are positive and the three valences of the mtiogenatom 
are negative Hence the abbreviated electionic formulae of 

+ - + 

ammonia and methylamme aie H . NH 2 and CH 3 NH 2 Ac- 
cordingly, the replacement of only one of the thieemtio gionps 

(that in position 3) by NH 2 is peifectly analogous to the ic- 

placement of N0 2 by OH in the reactions given above Fuithei- 
more, the mtio groups in positions 2 and 4 in the 2, 3, 4 -com- 
pound are regarded as positive since they aie not leplaceable 

by NH 2 They also occupy positions oitho to the lepLicable 
negative mtio group of position 3 Again, in the 2, 4, 6-com- 
pound the nitro groups in positions 4 and 6 aie also icgaided as 

positive since they aie not replaced by NH 2 They occupy 
positions ortho- and para-, icspectively, to the negative mtto 
group of position 3 All of these facts and conclusions aie em- 
bodied in and interpreted by the following electionic foimula; 
and equations 



H' )N0 2 + NO, 



+ NfCHJ 

^ n ,> T " ' ^ 

H X/ 



-1- 

-h H , NIL 
N0 



N0 2 
>, 3, 4-) (3, 4, 6-) 
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H 



H 

N0n + 



+ 



or 



-I- 



-)- H NO 2 



Iii all benzene foimulae positions 2 and 6 aie equivalent as 
aie also positions 3 and 5 Accoidmgly, the 2, 3, 4- and 3, 4, 
6-tiimtrodimethylanihnes (and then pioducts of interaction with 
ammonia) co incidentally show that when the substituents in 
positions 1,3, and 5 aie negative, the substituents in positions 
2, 4, and 6 aie positive This also constitutes a further sub- 
stantiation both of the electiomc foimula of benzene and the 
substitution mle 

Additional evidence leading to the above conclusion might 
be described in detail but brief mention may suffice Recently 
Michele Gma C7 and A Contaidi 68 have descubed a numbei of 
polymtio denvatives of benzene which suifei leplacement of a 
mtto group by OH, 0(CH 8 ), NH 2 , and NH(CH 8 ) with the 
liberation of nitntes In some instances hydiolysis with water 
yields nitious acid anhydride In these vaiious instances two 
mtio gioups are adjacent, le, occupy positions oitho to each 
other, and only one of them suffeis leplacement Giua maintains 
that this behaviour substantiates the mle on the icactivity of the 
nitro groups in the benzene ring proposed by Koinei and 
Laubenheimer who attubute the facility of reaction of the one 
mtio gioup to the adjacence of the two mtio groups and the 
consequent " loosening'* action of one gioup upon the othei 
This mteipretation is not only vague but it fails to take into 
account the highly significant facts that the nitro gioup is ie- 
placed by a substituent of negative polarity ^ and that the group 
thus replaced is libeiated as a nitrite m which the nitro radical is 
also negative* The electronic conception of positive and negative 
valences and the existence of positive and negative mho groups 
affoids a more satisfactory interpretation, since all of the facts 
noted are indicated and correlated by the electronic formula of 
benzene and the substitution mle Conveisely, the facts verify 
the electronic formula of benzene and the substitution rule 

In concluding this chapter, it may be remarked that the 
electronic conception of positive and negative valences and the 
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electronic formula of benzene afford explanations of many 
anomalous properties and reactions which aie generally classed 
as stereochemical pioblems The possibility of mterpieting 
some of these properties and reactions indicates that they are 
not necessarily anomalous or inegular Hence it is hoped that 
a fuither extension of the pnnciples and methods herewith pre- 
sented may lead to the inteipretation and solution of othei 
problems 



CHAPTER IX. 

AN INTERPRETATION OF THE BROWN AND GIBSON RULE. 

No single subject in the history of modem chemistiy has leceived 

moie attention than that of substitution in the benzene nucleus 

"Concerning the mtioduction of two and three substituents, the 

foremost authority, A F. Holleman, 09 states that he has found 

1300 memoiis, and, if we include the foimation ofothei poly- 
substituted derivatives, this number is in ci eased to 2000. 
Many rules and hypotheses have been pioposed to coi relate and 
explain these substitution icactions The foiemost aie those of 

' Hubnei, 60 Noeltmg, 61 Aimstrong, 02 Biown and Gibson," 8 Collie, 64 
! Lapworth, 65 Blanksma, 00 Flurscheim, 07 Obermillei, 68 and Tschi- 
tschibabm 9 

A comprehensive leview of the lules and hypotheses of most 
of the foregoing investigations is given by Holleman in his woik, 
Die dzrekte Etnfithrung von Substituenten in den Bensolkem 
(1910), and in his lecture befoiethe bociete Chimique de France 
(1911) entitled Sur les regies de substitution dans le noyau ben- 
ze'mque Despite the immense amount of work accomplished 
in this field, Holleman states that no rule or theoiy has as yet 
furnished a satisfactory explanation of substitution in the benzene 
nucleus. "The question of knowing the icason why such or 
such group directs a new substituent chiefly to the para-, oitho- 
positions 01 chiefly to the meta-position, is not yet solved," 

Of all the rules that have been proposed foi detei mining 
whether a given benzene monodeiivative shall give a meta-di- 
denvative 01 a mixture of oitho- and para-di-denvatives, that of 
Professor A Cium Brown and Dr John Gibson 70 is pre-eminent 
Quotations from then ongmal article will describe their rule 

A. The Brown and Gibson Rule, 

" When a monobenzene derivative C H 6 X is so treated as to 
give a dibenzene derivative C H 4 XY, it is well known that, as a 
rule, this dibenzene derivative is either (a) exclusively, 01 neaily 
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so, a weta-compound, 01 (H) a mixtuie of ortho- and />ara- with 
none 01 veiy little meta- , and that whether the case shall fajl 
under (a) 01 (#) depends on the nature of the ladical X, and not 
at all, 01 only very slightly, on the nature of Y 

" We have gone ovei all cases known to us, and have formu- 
lated a lule which holds m all these cases, and is always capable 
of ngoious application, so that, if in any case it should be found 
to fail, no excuse could be found foi it We shall best explain 
our mle by showing how we apply it We shall wiite in column 
A a numbei of benzene mono-dei ivatives, m column B the 
radicles leplacmg one H of C () H 6 , in column C the hydiogen 
compounds of these ladicles, in column D the hydioxycompounds 
of the same radicles, and m column E the letteis m 01 o-p ac- 
coidmg as the mono-dei ivatives give weta- 01 a mixtuie of ottho- 
and para- di-denvatives 



A 


B 


C 


D, 


E 


C,H B C1 


Cl 


HC1 * 


HOC1 


o-p 


C,,H 5 Br 


Bi 


I-IBr * 


HOBi 


op 


C,H 8 CH 8 


CH, 


HCH. * 


IIOCH, 


of 


C,H B NH a 


NHo 


HNH. * 


IIONIl", 


o-p 


CaH fl OH 


OH" 


HOH* 


HO OH 


op. 


C H B N0 2 


NO 2 


HNO n 


HO.NOo* 


Ill 


C 6 H B CC1 3 


CC1 3 


IICCL* 


no ccf, 


o-p 


C 8 H CO H 


.CO H 


HCO H 


HO CO H* 


in 


C a H B CO OH 


CO OH 


H CO OH 


HO CO OH* 


m 


C,H B S0 8 OH 


faOn OH 


HSO a OH 


HO S0 a OH* 


m 


C 8 H R CO CH, 


CO" CH, 


HCO CH., 


HO CO CII,* 


m 


C 6 H B CH 2 .CO.OH 


CH 2 .CO OH 


H CH a CO. OH* 


HO.CIIj, GO. OH 


O-p. 



"In column C, we maik with an astensk those substances 
which aie not capable, by direct oxidation, of being conveited 
into theconespondmg hydiogen compounds m the next column, 
and in column D we mark with an asteusk those substances 
which can be formed by dnect oxidation fiom the conesponding 
hydrogen compounds so that in each horizontal line theie is one 
asterisk and one only, either in column C or in column D. By 
direct oxidation we mean oxidation by one step. Thus, no 
doubt H CH 3 can be converted into HO . CH 3 , but not by one 
step of oxidation , whereas H . CO CH 8 can by one step of oxi- 
dation be converted into HO . CO CH 8 Now it will be seen that 
wheievei the H compound is asterisked, we find o-p in column 
E, and whenever the HO compound is astensked, we find m m 
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column E. In other woids, when X is naturally to be icgaided 
as a denvative of HX, C 6 H 5 X gives ortho- andflara- di-denvatives, 
and when X is natuially to be regarded as a denvative of HOX, 
C 6 H 5 X gives meta- di-dei ivatives Oui test by which we detei- 
mme whether X is to be legaided as deuved fiom HX 01 HOX 
is, can HX be directly, by a single oxidizing step, be conveited 
into HOX 01 not? If it cannot, then X is to be looked on as 
derived flora HX , if it can, then X is to be looked on as derived 
fiom HOX " 

Considei now the nitiation of chloiobenzene and the chloima- 
tion of nitiobenzene in teims of the Brown and Gibson Rule 
Accoiding to this mle C 6 H 5 C1 is looked upon as a denvative of 
H Cl which is not dnectly oxidizable to HO Cl Theiefoie 
C 6 H 5 C1 yields oitho- and paia- chloronitrobenzene on nitiation 
On the othei hand, C 6 H 5 N0 2 is regarded as a derivative of 
H N0 2 which is dnectly oxidizable to HO NO 2 Theiefoie, 
C () H 5 N0 2 yields meta-chloronitiobenzeneon chlormation Ihus 
the expenmental facts and rule are con elated What is the 
undci lying cause of this agieement between rule and fact? 
Blown and Gibson state that their rule is not a law, " because it 
has no visible relation to any mechanism by which the substitu- 
tion is carried out in one way rather than m another way, but, 
if it is found to be ngorously applicable it must be i elated m 
some w&fy to a law, and may be of use, both as gioupmg 
phenomena together and in guiding us to the cause of the 
formation of meta-compounds m certain cases and of oitho- and 
para- m othei s". 

The electronic conception of valence and the electiomc 
formula of benzene enable us to show that theie is an undei- 
lying cause, a mechanism, so to speak, by which "substitution 
is can led out in one way lathei than in anothei way," 01, in 
other words, why some substitution reactions confoim to the 
oitho-, paia- type while othei s pioceecl accoiding to the meta- 
type Both the leason and the mechanism become appaient 
when we determine the difference between X in HX, and X 
m HOX In our oidmary stiuctuial foimulas no difference is 
appaient, but from the electiomc point of view, when H is 
positive and is negatively bivalent, it necessarily follows that, 
X in HX functions negatively while X in HOX functions! 

positively as is evident in the electiomc foimuloe H X andf 
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_ _ 

H O X Accordingly, a mono-substituted deavative 

+ + - 

may be either C 6 H 5 X, if it is legarded as a derivative of H X , 
+ - + 

or C 6 H 5 . X, if it is looked upon as a denvative of HO X. 
Theiefore (i) when X in C 6 H 5 X is negative and the entering 
substituent Y is positive, then ortho- and />#ra-di-dei ivatives 
result On the other hand (2) when X in C 6 H 5 X is positive and 
the entering substituent Y is positive, then ;<?ta-di-clenvative<> 
are formed These pi maples aie embodied in the following 
typical equations 




+ HO Y 



X 



H 



H 



H 




H OH 



H 



(2) H 



X 



HO Y 




+ H OH. 



H + 

Thus, the electionic formula of benzene is con elated with 
the electronic mterpietation of the Brown and Gibson mle, theie- 
by showing a visible relation to a mechanism by which substitu- 
tion is earned out in one way rathei than in anothei way 
Section A of the preceding Chaptei VIII. piesents conciete 
examples of the above scheme in the mtiation of chloiobenzcne, 

CgHjjCl, and m the chlormation of nitiobenzene, C 6 H 6 NO 2 . 
The electionic formulae of the products of these interactions, 
namely, ortho- and para- and meta-chloiomtiobenzene, aie 
corielated not only with the methods of then preparation and 
their chemical properties, but also with the Brown and Gibson 
rule 

In many substitution reactions, ortho-, paia-, and meta- 
di-substituted derivatives of benzene are foimed simultaneously 
An interpretation of these simultaneous reactions necessitates a 
further development of the principle of electronic tautomerism 
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which will be presented aftei a. fuither analysis of the Blown 
and Gibson mle has been consideied. 



B. A Further Analysis of the Brown and Gibson Rule. 

In presenting a fuithei analysis of the Biown and Gibson 
lule it is necessaiy, fiist, to bring out more fully the hidden 
significance of the diffeience between compounds of the type HX 
which aie not dnectly oxidizable to HOX and those which aie 
dnectly oxidizable to HOX 

Some writers have taken exception to this point of view 
which Blown and Gibson assumed as then basis of classifying 
substituents For instance, Holleman n states that the rule 
" although remarkable and representing very well many of the 
observed facts, does not give satisfaction since it depends 
entirely upon the question of the dnect oxidation of the hydiogen 
compounds of the substituents Thus, at the time (1892) when 
Biown and Gibson published their rule, methane, H CH 3 , could 
not be oxidized directly to methyl alcohol, HO . CH 3 , hence, ac- 
coidmg to the rule, the ladical CH 3 should dnect the enteung 
substituent to the oitho and para positions But since the 
time of the publication of the lule, Bone has proved that the 
pumary oxidation product of methane during combustion is 
methyl alcohol As a consequence, the ladical CH a should then 
direct the entering substituent to the meta position This dis- 
covery of Bone renders the lule inexact. While it is perfectly 
tiue that one cannot dnectly transform H Cl to HO Cl, yet 
on the othei hand no one is ceitam that this will always be im- 
possible " Theiefoie, Holleman contends that with the pi ogress 
of science the Brown and Gibson lule becomes less and less 
applicable 

Now this ciiticism of Holleman is only appaiently justified, 
because Biown and Gibson unfortunately based their classifica- 
tion of substituents upon the debatable standpoint of the direct 
joxidizabihty in one step of HX to HOX It has been shown 
that the chief point of distinction between the two classes of 
substituents is not the dnect oxidizabihty of HX to HOX but 
i depends lather upon the electronic interpretation of the rule in 
conjunction with the electiomc formula of benzene, and the fact 
that X m HX is negative while X in HOX is positive. These 
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points of view invalidate Holleman's ciiticism of the Brown and 
Gibson mle 

Furthei light may be tin own upon the natuie of the sub- 
stituents (X) commonly found in the ben/ene nucleus by con- 
sidering the behavioui of certain HOX compounds as oxidizing 
agents, and the susceptibility to oxidation of ceitam HX com- 
pounds, thus placing the Blown and Gibson classification on a 
different basis Considei, first, a few of those substituents (OH, 
NH 2 , Cl, and CH 3 ), which Brown and Gibson icgaided as 
natuially deiived fiom HX, not directly oxidizable to HOX 
It is paiticularly notewoithy that the hydioxyl compounds of 
each of these substituents may function as an oxidizing agent, 
while their hydrogen compounds are not oxidizing agents in 
the common sense of the word Fuithermoie, the hydioxyl 
compounds of these substituents aie less stable than then coiie- 
sponding hydrogen compounds When HOX functions as an 
oxidizing agent (HOX -> HX + O), yielding HX and oxygen 
(either fiee or combined) theie is a change in the polanty of X 

+ 

from X to X This change may be represented as involving 
either an oxidation of negative hydioxyl ions by positive chlonne 

+ 4- 

ions (HO Cl = HO + Cl -* H + Cl + O) or an mtiamoleculai 
oxidation and reduction 

(H O X - H- O X - H X + 0) Now, 

since compounds of the type HOX are less stable than those of 
the type HX, as shown by oxidation reactions, and since these 

-4- ._ 

oxidations involve the tiansition fiom X to X, we may accoid- 

mgly assume that X u more stable than X In othei woids, 
the tendency foi X to function negatively is moie pionounced 
than its tendency to function positively, but it may function 

+ - - + 

either way as its H X and HO X compounds show This 
may be postulated as a general property of those substttucnts 
which Brown and Gibson legarded as naturally denved fiom HX 
not directly oxidizable to HOX 

In ordei to complete the analysis of the Brown and Gibson 
rule it will be necessary to consider fiom the same points of 
view a few of those substituents, namely, CO 2 H, COH, S0 8 H 
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and NO 2 , which weie foimerly icgaided as belonging to the type 
HOX derivable by direct oxidation of HX. In fact, each of 
these HX compounds may be oxidized dnectly to the cone- 
sponding HOX compound, but it should be noted that X is a 
complex ladical and the oxidation involves fundamental changes 
both in the numbei and polaiity of the valences of ceitam atoms 
comprising these ladicals. These featuies may be illustrated 
by the electiomc equations foi the oxidations in which oxygen 

as functions as the oxidizing agent through the acquisition 
of elections and the consequent conveision of certain negative 
valences in the radical X to positive valences 

i __ ( _ - w ifmt i 

O -> + 2,X + 3--X 

The complete electronic equations for the oxidation of (i) 
formic acid, (2) formaldehyde, (3) sulphuious acid, and (4) nitious 
acid aie as follows 



(i) H C0 a li = H C H - H C H 



+ ~ - + 

(2) H . COH H C H 

+ + 




H - 



H 
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The above oxidations pioceed leadily, in fact most of the 
compounds aie oxidized directly by atmosphenc oxygen, 

(O 2 = O O -* 2O) The tendency for the acid HX to 

- + 

change to HOX involves a change in the polanty of the complex 

+ + 

radical X fiom X to X, and accoidingly X may be legarded as 

moie stable than X In other words, the tendency for X to 

+ 
function positively (HO X) is rnoie pronounced than its 
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I IB- 

tendency to function negatively (H X), but it may function . 
either way as the hydiogen and hydioxyl compounds show. 
The above may be postulated as a geneial piopeity of those 
substltuents which Biown and Gibson legaided as natuially 
denved from HOX which icsults fiom the dnect oxidation of 
HX 

Othei points of significance may be noted in Equations 1-4 
above In fonnic acid, equation I, thiee of the caibon valences 
aie positive while the foiuth is negative. In caibonic acid, foiu 

+ - 
carbon valences aie positive. Pnoi to the action of 0, formic 

acid is in eqmhbimm with a tautomenc modification in which 
the caibon atom is bivalent and shows one free positive and one 

+ - 
fiee negative valence. These free valences unite with O and, 

eithei simultaneously 01 subsequently, the negative caibon 

J-, ,_ 

valence is oxidized to a positive valence and oxygen (O) theieby 

becomes negatively bivalent (0) The tautomenc modification 
of formic acid, showing a free positive and a fiee negative 
valence, would thiough the polanzation of these valences piesent 
an illustration of a bivalent carbon compound 

In this connection it should be noted that Stieghtz 72 has 
given a detailed account of the oxidation of caibon compounds, 
in particular foimaldehyde, showing by means of the chemometer 
that theie is involved an actual transfei of electncal chaiges 
The classification of sulphurous and nitious acids with foimalde- 
hyde in the piesent discussion leads to the suggestion that 
certain sulphites and nitntes might lend themselves to similai 
significant demonstiations 

In Equation 3 note that sulphui ous acid (H S0 3 H) is 
ordmaiily wntten (HO.S0 2 H), m which the sulphui atom 
(comparable to the caibon atom above) shows a fiee positive and 
a free negative valence, and the polarization of these valences 
rendeis sulphur quadrivalent , but, on oxidation to sulphuric acid, 
the sulphui atom becomes sexavalent. In piecisely the same 
mannei nitious acid (H N0 2 ) is commonly wiitten (HO NO) 
m which mtiogen is teivalent, but oxidation to'mtnc acid 
renders mtiogen quinquevalent. Now Equations 1-4 show that 
formaldehyde, formic acid, sulphurous acid, and nitrous acicl 
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belong to the same class and same type of oxidizable compounds 
Since the sulphur atom m sulphurous acid mci eases its valence 
by two on oxidation to sulphuric acid, and since the nitrogen 
atom in nitrous acid likewise mci eases its valence by two when 
oxidized to nitric acid, it follows, similaily, that the caibon atom 
in foimaldehyde and foimic acid must undergo likewise an in- 
crease of two in its valence when the compounds are oxidued 
to foimic acid and caibonic acid, respectively In othei woids, 
this classification of the substituents and the electionic system 
of oxidation lends further suppoit to, and an electronic inter- 
pretation of, the existence of bivalent carbon compounds. 

The extended mteipretation and analysis of the Blown and 
Gibson rule bungs out the following facts 

1 Ceitain substituents (OH, Cl, Br, I, NH 2 , CH^, etc) lead 
to the formation chiefly of ortho- and para-den vat ives of benzene, 
because then tendency to function negatively is rnoie pionounced 
than then tendency to function positively This tendency may 

+ 
be formulated thus X > X. 

2 Certain other substituents (CO 2 H, COH, SO 3 H, NO 2) 
etc ) lead to the foimation chiefly of meta-denvattves of benzene, 
because their tendency to function positively is more pionounced 
than their tendency to function negatively. This tendency may 

+ 
be formulated thus X > X. 

3 The objections which have been dnected against the 
Brown and Gibson rule have been based upon the question of 
the direct oxidizabihty of HX to HOX. These objections aie 
invalid, because the distinction between the two classes of 
substituents rests upon the facts summarized in paiagiaphs (i) 
and (2) above, and the fact that X in HX is negative while X in 
HOX is positive These distinctions, in conjunction with the 
electronic formula of benzene, show why certain mono-substituted 
derivatives of bensene yield chiefly ortho- and para-di-substituted 
derivatives, while others yield chiefly meta-di-substituted derivatives. 



CHAPTER X 

ELECTRONIC TAUTOMERISM OF BENZENE DERIVATIVES 

IN Section D of Chaptei II, and in Section C ofChaplet III the 
conception of electronic tautomensni was developed. The puipose 
of the present chaptei is to considei a numbei of expenmental 
facts and to show that their interpretation not only fully 
wan ants but also demands the assumption of the existence of 
electiomers in dynamic equihbimm, le, electronic tautomensm 
This conception was fiist proposed by the authoi m 1908 The 
following woids 73 embody the definition 

"The hypothesis of positive and negative valences suggests 
the possibility of there being at least two distinct types or elec- 
tiomers of a binaiy compound Hence two mono-substituted 

+ - - + 
dei ivatives of benzene, C<,H 5 X and C 6 H 6 X, should be 

possible while only one is known Theiefore, if both electiomeis 
exist and only one substance is identified, it follows that the 
electromers aie either not distinguishable by (piesent) physical 
methods, or that one electromer is trans foirnable into the other 
through the ti ansposition of electrons 

C B H S -X ^ C 8 H 6 X ^ C 8 H B l-tx'' 

A study of various hydiolytic icactions compels one to 
assume the existence of such electromeis As previously noted, 
when a compound, XY, on hydrolysis yields HY and HOX, 

+ - 
then the compound is lepiesented by the formula X Y The 

hydrolytic reaction conforms to the following scheme (a) 
+ - + - + - - + 

(a)X.Y + H OH -> H Y + HO.X 

If, on the other hand, the conditions of hydiolysis aie such that 
compound XY yields HX and HOY, then XY must possess the 

rHm j_ 

formula X . Y. The hydiolysis conforms to the scheme () 

_+ +_ + _ ~ + 

(& X , Y + H . OH - H . X + HO . Y, 



86 THE ELECTRONIC CONCEPTION OF VALENCE 

Now it has been found that phenylsulphonic acid, C H fi . SO^H, 
on hydiolysis, in alkaline solution yields sulphuious acid 
H S0 3 H, and phenol, C 6 H 5 OH This leaction confoims to 
scheme (a) thus 

(a) C H S S0 3 H + H .OH -> H S0 3 H + C 8 H D OH 

On the other hand, the hydiolysis of the same compound, 
phenylsulphonic acid, in acid solution yields benzene, H C 6 H 6 , 
and sulphuric acid, HO SO 3 H This reaction confoims to 
scheme (&) thus 

(i)C 6 H B .S0 3 H + H OH -*. H.C 6 H B + HO S0 8 H 
These frets compel us to conclude that phenylsulphonic acid 

4. 

may entei into chemical leactions either as C 6 H 6 , SO 3 H 01 as 

+ 

C 6 H,j S0 3 H Fiom the tautomenc point of view, phenylsul- 
phonic acid may be regarded as an equilibiium mixtme of two 
electronic isomers> 01 electromers 

(C 8 H B S0 3 H ^ C 6 H 6 ,SO~ 8 H) 

and any othei mono- or poly-substituted denvative of benzene 
may be legarded similaily, as will be shown later 

Consider any mono-substituted derivative of the geneial 
formula C 6 H 5 X which will now be regarded as 

(C G H 5 .X ^ C 6 H S X) 

Indicating only the polanties of the hydrogen atoms of the 
nucleus, the equilibrium is represented thus 





Note paiticulaily that the change m the polauty of the sub- 
stituent X involves simultaneously a change in the polarities of 
the hydrogen atoms, but that in each electiomei those atoms (or 
substituents) ortho and para to X aie opposite m sign to X, while 
those atoms (01 substituents) meta to X arc of the same sign as 
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X This, of couisc, is the essential featuieof all of theelechomc 
formulae of benzene, namely, that hydiogen atoms or substituents 
in positions I, 3, and 5 of any given elecliomei aie opposite in 
sign to the hydiogen atoms 01 substituents in positions 2, 4, and 
6 of the same elect! omei , otheiwise the symmetiy, and conse- 
quently the stability, of the benzene nucleus could not be main- 
tained A detailed mechanism of the tiansposition of elections, 
the centric valences, etc., involved in the electronic tautomeiism 
of benzene derivatives will be given later. Foi the piesent, the 
simpler formulae involving only the hydrogen atoms and sub- 
stituents aie sufficient In a similar mannei the electronic 
tautomeiism of a di-substituted derivative of benzene, for ex- 
ample C H 4 XY, in which X and Y aie in para positions to each 
othei, may be lepiesented thus 



+ /\ 

i- N 



i-i 



H 



H 




\/ 

Y + 

When two substituents occupy positions eithei oitho or para 
to each other they aie of opposite polaiity Hence in the 
electronic foimula foi a /-dihalogen benzene in which the halogen 
atoms X ancl Y aie different chemically, it follows that if X is 
negative, Y is positive , or, if X is positive, Y is negative Now, 
in the nitration of a /-di-substituted deiivative of benzene only 
two mono-mtro substitution products aie possible, and, from the 
standpoint of the pimciple of electronic tautomeiism as applied 
to a /-dihalogen benzene, the nitration reaction should conform 
to the following general scheme 



x 
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H\/H 

Y + 



XX 




/X 

+ /\ + 
W X NO 
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H \/ rt 
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-H 
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7r/\7, 
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II 
+ 

N0 2 



If 'the principles underlying this general scheme are correct^ then 
certain definite consequences follow zvhich should lend themselves to 
verification by experiment What are some of these consequences ? 
If the electromers of C Q H 4 XY (designated as A and B) aie in 
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tautomenc equilibuum and if each electromei mteiacts with nitnc 
acid, the respective isomeis A' and B', should be formed Note 
particularly that in the isomei A', X is negative and Y is posi- 
tive, while in isomer B', X is positive and Y is negative In 
view of the facts previously piesented, notably the action of 
sodium hydi oxide or sodium methylate upon <?-, /-, and m- 
chloromtrobenzenes, it follows that isomer A' on mtei action with 

J- 

sodium methylate (Na OCH 3 ) should exchange X foi OCH 3 and 

+ - 
liberate Na X accoidmg to equation (i) 



A' 



+ 
N0 2 



oca, 



+ Na OCI-L -> 



\/ 



A" 

\/ 

Y + 



Na X 



On the other hand, isomer B' should exchange Y foi OCH 8 

+ _ 

and liberate Na Y according to equation (2) 




+ Na . OCH, 



NOo 



X 
/\ 

B" 

\/ 
OCH a ~ 



+ Na Y 



NO, 



Furthermoie, if electiomers A and B are in tautomeiic equi- 
librium and nitration yields a mixtuie of isomers A' and B' then 
the action of sodium methylate upon this mixture should yield 
not only the oxyrnethyl derivatives, A" and B" (equations (l) and 

i . 

(2), respectively), but also a mixture of the sodium hahdes^ Na X 

4- 

and Na Y. An experimental venfication of these predictions 
would lead to a very definite conclusion, namely, that thepaia 
mveed dihalogen compound^ C 6 H 4 XY, affords an example of elec- 
tronic tautomensm Otherwise it would be difficult, if not im- 
possible, to account for the simultaneous formation of the mixed 



TvT~ V -i 



when sodium methylate interacts 
1 of the mixed dihalogen benzene. 
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Expenmental facts will now be considered which are com- 
pletely in agreement with the principles and general reactions 
just postulated Holleman and Hemcken 74 have made a 
thorough study of the nitration (at o) of various mixed dihalogen 
benzenes For the present, attention wrll be confined to the 
nitration of/-chloiobromobenzene, which gave a mixture of the 
isomeis i, 2, 4- and i, 3, 4-chloiomtiobiomobenzenes. In de- 
veloping a quantitative chemical method foi determining the 
yields of these rsomers in the nitration mixture, Holleman found 
that the i, 2, 4-isomei heated with o 35 N sodium methylate 
solution in a sealed tube for five hours at 80 gave practically 
complete displacement of chlorine as sodium chloride while the 
bromine remained intact The reaction proceeded quantitatively 
(98 40 per cent ) according to equation (3) , 



(3) 



ci 
/\ 

A' 



NO, 



OCI-L, 
/\ 



4 Na OCH, 



V 

(*> 2, 4- 



A" 

V 



NO Q 



+ Na Cl 



Note that this reaction is perfectly analogous to equation (i) 

+ -| 

given above, in which X becomes Cl, and Y becomes Br. The 



liberated sodium hahde is Na Cl In other words, the i, 2, 4- 
isomer (A') has the electronic foimula 




Otheiwise the hbeiation of chlorine as Na Cl is inexplicable 

On the other hand, the I, 3, 4-isomei on interaction with 
sodium methylate (undei identical conditions) suffered practically 
complete displacement of bromine as sodium bromide while the 
chlorine atom remained intact. The reaction proceeded quanti- 
tatively (98 oo pei cent.) according to equation (4). 
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(4) 



01 
/\ 

B' 



N0 2 

Br 
, 3, 4-) 



Na OCH S 



Cl 
/\ 

B" 

\/ 
OCH, 



+ Na Bi 



NO, 



Note that this reaction is peifectly analogous to equation (' 

+ + 

above, in which X becomes Cl, and Y is Br. The liberate 

+ 
sodium hahde is Na Br In other woicls, the I, 3, 4-isomi 

(B') has the electronic formula 



Cl 

/\ 



\/ 

Br- 



NO, 



-j- 



In no other way can the elimination of biomme as Na Bi be e 
plained 

The quantitative mteiaction of I, 2, 4- and I, 3, 4-chloi 
nitrobiomobenzene with sodium methylate enabled Holleman 
determine the relative quantities of these isomeis obtained 
nitrating /-chlorobiomobenzene The sodium chlonde ai 
sodium bromide liberated were piecipitated as silvei chloride 41 
silvei bromide An analysis of the mixed piecipitates gave t 
percentage yields of the isomeis calculated upon the idtios 
AgCl i, 2, 4-isomei, and AgBi i, 3, 4-isomer These c, 
culations were based upon equations (3) and (4) which are peifeci 
analogous to the preceding electionic equations (i) and (?), ] 
spectively The yields of the isomeis weie 45 20 per cent 'a 
54 80 per cent respectively The complete con elation of all 
these reactions with the electronic formulae and the pi maple 
electronic tautomerism is embodied m the following scheme - 
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Now a survey of the above scheme shows that those molecules 
of i, 4-chloiobiomobenzene which mteiact with mtnc acid to 
give the I, 2, 4-isomer, which in turn exchanges its chlotine 
atom for OCH 3 and yields sodium chloride, cannot be identical 
with the molecules of i, 4-chlorobromobenzene which mteiact 
with nitric acid to give the i, 3, 4-isomei, which in turn ex- 
changes its bromine atom foi OCH 8 and yields sodium bromide 

+ 
In other woids, the i, 2, 4-isomer (A'), containing Cl and Bi 

must be derived from molecules of i, 4-chloiobromobenzene 

. ,! 

which also contain Cl and Br, i e , electiorner A , and the 

r _ 

1,3, 4-isomer (B') containing Cl and Bi, must be denved fiom 

+ 
molecules of i, 4-chlorobromobenzene which also contain Cl 

and Br, i.e, electiomei B. Thus the existence of two types of 
molecules ofi, 4-chlorobromobenzene, namely, electromers A and ^B, 
is conclusively indicated Their simultaneous interaction with mtnc 
acid clearly indicates tautomenc equilibrium The iclative yields 
of the ibomeis A' and B' are functions of the speeds of interaction 
of mtnc acid with the respective electiomei s A and B, and, as 
will be shown m a subsequent chapter, the speeds of mtei action 
ate intimately related to the concentrations of the lespective 
electromers m the reaction mixture. 
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It will not be necessary to extend this chapter by giving 
similarly detailed descriptions of the nitrations of olhei mixed 
dihalogen benzenes, such as /-fluoiochloio-, /-fluoiobromo-, 
/-chloroiodo-, 0-chlorobiomo-, 0-chloioiodo-, and 0-biomoiodo 
benzene Each example conforms perfectly to the schemes and 
principles just presented In conclusion, it is maintained that 
each of these cases furthei substantiates the principle of electionic 
tautomerism or the existence of electiomeis m dynamic equili- 
brium 

Any objection to the use of the conception of electronic 
tautomensm on the giounds that electronic isomers (electromers) 
have not as yet been isolated is unwananted because the con- 
ception of tautomensm, both m its historical and piactical aspects, 
neither involves nor demands the immediate possibility of the 
isolation of the tautomers In 1885, Laar, 75 m a papei Ueber 
die Moghchkeit mehrerer Strukturformeln fur dieselbe chemische 
Verbmdung, defined tautomensm as the phenomenon of one 
substance doing duty for two structural isomeis , but the isolation 
of dynamic isomers or desmotropes was not effected until 1893, the 
earliest examples being acetyldibenzoylmethane, tnbenzoyl- 
methane, and mesityloxide-oxalic ester described by Claisen 76 
Strictly speaking, the teim tautomenc is now applied to substances 
in which only the equilibrium mixture of the structural isomers is\ 
known, the term desmotropic is employed in cases wheie the' 
isomers have been shown to be capable of independent existence 77 
The existence of electromeis m dynamic equilibnum has been 
conclusively indicated Their isolation as electronic desmotropes 
has not as yet been effected, Further discussion of this phase of 
the subject is consideied in Chapteis XXIII and XXIV. 

The phenomenon of electiomc tautomerism is met icpeatedly 
in the interpretations of substitution reactions in the benzene 
nucleus A number of these reactions is described in the follow- 
ing chapter 



CHAPTER XI 

THE SIMULTANEOUS FORMATION OF ORTHO-, PARA-, AND META- 
SUBSTITUTED DERIVATIVES OF BENZENE 

A. Formation of Isomeric Di-substituted Derivatives. 

IN the electronic interpretation of the Biown and Gibson lule 
(Chapter IX.), the formations of oitho- and para-compounds on 
the one hand, and meta-compounds on the other, weie legaided 
as distinct and sepaiate piocesses because, as a general lule, 
a given mono-substituted compound yields chiefly a meta-di- 
derivative or a mixtuie of oitho- and paia-di-denvatives In 
many substitution reactions isomenc ortho-, para-, and meta-di- 
substituted denvatives aie formed simultaneously. The Biown 
and Gibson mle does not cover these cases. Consequently it 
becomes necessary to explain (A) the simultaneous formation of 
isomenc ortho-, para-, and meta-di-substituted derivatives, and 
also (B) the simultaneous formation of isomenc poly-substituted 
derivatives of benzene These explanations involve the electiomc 
formula of benzene, the i ule of substitution, and the conception of 
electronic isomers or electromers in dynamic equilibrium^ i e , elec- 
tronic tautomensm 

It is necessaiy, fiist, to recall a well-established fact, namely, 
that in a mixtuie of two isomers (A == B) capable of changing 
one into the other with such readiness that the balance between 
them is lapidly restored, the addition of a given substance C will 
lesult in reaction either with A, or with B, or with both A and B. 
If mtei action occuis between A and C, B will be tiansformed 
into A on account of the distuibance of the equilibrium The 
mixtuie then reacts as though it consisted wholly of A If C 
leacts only with B, the mixture behaves, for the same reason, as 
though B were the only substance 1 present In some instances 
two simultaneous independent icactions may occur, namely, the 
interaction of A and C simultaneously with the interaction of B 
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and C. In a precisely similar mannei a given leagent, HO. Y, 
m the presence of a tautomenc mixture of electiomers 



i 

(C 6 H 5 



X 



C 6 H B X) 



rnayieact with the one electiomei or the othei, 01 with both 
electromeis A complete scheme of mtei action follows 
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It should be observed that if 
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_ -L 

HO . Y 




-I- _ 
-1- H , Oil 



leacts only with 



4- - 

C G H fi X (electromer A) then only ortho-and paia-di-substituted 
denvatrves (A' and A") are formed Such is the case when 
chlorobenzene is nitrated the products of the mtei action aie 

+ 
ortho- and paia-chloronitiobenzene If HO . Y leacts only 

m -I- 

with C 8 H 5 X (electromei B), then only a meta-di-substituted 
derivative (B') lesults Such is the case when nitiobenzene is 
chlorinated' the product of the reaction is meta-chloiomtro- 

+ 
benzene. If HO Y interacts simultaneously with both elec- 

tiomers (A and B) then ortho-, meta-, and paia-ch-substituted 
derivatives (A', B', and A", respectively) will be foimed. The| 
possibility and the extent of these reactions (as m all leactions' 
with tautomenc substances) are dependent upon seveial condi- 
tions such as the solvent medium, catalytic agent, tcmpeiatme, 
concentration of the electiomei s, the speed of transition of one 
electromer into the other, and the respective speeds of mtei action 
of the substituting agent with the respective electromeis. These 
conditions are the problems which confiont us in all reseaich 
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involving tautomeis, and likewise will be met in the case of 
electiomc tautomeis 

Having given a geneial scheme foi the simultaneous foima- 
tion of oitho-, meta-, and para-di-substituted denvatives, one of 
the many examples which aie in accord with and, theiefoie, 
confiim the scheme, should now be consicleied Foi instance, in 
the nitiation of toluene, the substituent (X) aheady piesent in 
the nucleus is the methyl mdical which may function eithei 
positively 01 negatively; but in Section JB of Chaptei IX it has 
been shown that its tendency to function negatively is moie 
pionounced than its tendency to function positively, i.e , 

+ 
CH 3 >CH 3 Hence, in the tautomenc equilibnum 

+ -!_ 

C B H B . CH 3 == CfiH B CH 3 , 

the foimei electiomer would piedommate and mteiaction with 

+ 
HO . NO 2 would lead to a gieatei yield of o- and/-mtrotoluenes 

than of ;-mtrotoluene. The predominance or prepondei ance of 

+ 4. 

the electromer C G H S CH 3 over the electiomc tautomer C 6 H 6 . CH 3 
may be con elated with the speeds of reaction with nitric acid ; 
i e., if the foimer electromer leacts more rapidly than does the 
latter electromer, then the yield of ortho- and paia-mtiotoluenes 
would exceed that of meta-nitrotoluenes 

The predominance of one electromei over the othei may be 
regarded as equivalent to a greater concentration of the one 
electromer Since concentration is a principal factor of the 
velocity of leaction, it is evident that a dnect relationship exists 
between the predominance or piepondeiance of a given elec- 
tromei and the velocity of the substitution reaction m which it 
is engaged 

The foregoing assumptions aie confiirned by expenmental 
facts, since toluene when nitiated yields 56 oo pei cent of the 
0-, 4090 pei cent of the/-, and 3 10 per cent of the w-mtro- 
toluene. The simultaneous formation of the three isomers is 
indicated in the following scheme : 
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Here electromer A predominates, i e , its speed of interaction 
with nitric acid is greatei than the speed of intei action of 
electromer B with nitric acid 

Consider now, on the othei hand, the mtiation of benzoic 
acid The substituent (X} already piesent in the nucleus is 
C0 2 H, which may function eithei positively or negatively, but 

CO 2 H>C0 2 H, ic, the tendency for the carboxyl ladical to 
function positively is more pionounced than is its tendency to 
function negatively Accordingly, in the equilibrium 

4. + 

C 6 H 5 CO a H ^ C 8 H 5 CO a H, 

the latter electromer (m which the carboxyl radical is positive) 
would predominate, and if its speed of mtei action with HO NO 2 
is greater than the speed of interaction between C 6 H 5 . CO 2 H 

and HO . NO 2 , then the yield of w-mtrobenzoic acid should 
exceed that of the combined yields of the ortho- and para- 
compounds These assumptions aie confirmed by the facts, 
since benzoic acid on nitration yields 80 30 per cent of the meta- 
compound, 18 50 per cent, of the ortho, and i 20 pei cent of the 
/-mtrobenzoic acid The electronic equations confoim to the 
general scheme given above (p 94) 

Many other examples of the simultaneous formation of 01 tho-, 
meta-, and para-di-substituted derivatives of benzene might be 
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piesented in detail. They aie in complete agt cement with, and 
accordingly confiirn, the principle of the electionic tautomeribm 
of the electromers of the benzene denvativcs, the general lule 
foi substitution, and the scheme for the simultaneous formation 
of oitho-, meta-, and paia-di-substi tuted denvatives of benzene. 

B, Formation of Isomeric Poly-substituted Derivatives. 

The pimciples undei lying the simultaneous foimation of 
poly-substituted denvatives of benzene aie identical with those 
just given in the piecedmg section (A) and may be illusliatecl 
by consideimg the introduction of a thud substituent (Z) into 
(i) an oitho-, (2) a para-, and (3) a meta-di-substituted derivative, 
C.H.XY 

Scheme (i) Introduction of a Third Substituent into an Ortho- 
di~sub:>tituted Derivative. 

Here the electionic tautornensrn involves two electiomeis of 
an oitho-di-denvative These electiomeis will be designated by 
the letters A and B while their substitution products will be in- 
dicated by A', A", and B', B", respectively The general scheme 
(i) for the mtioduction of the third substituent Z is as follows ; 
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Theoietically and electronically four tii-substitnted isomeis 
aie obtainable, namely, A' and A" from electromer A ; and B' 
and B" from electioneer B A remarkable experimental con- 
firmation of this scheme is found in the woik of Wibaut 78 who 
showed that the nitration at o of 0-chlorotoluene yielded all 
four possible mono-mtro-compounds in consideiable quantity. 
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The electronic interpietation is embodied in the following 
equations, which are peifectly comparable to the typical equa- 
tions of scheme (i) above The percentage yield of each isomei 
is indicated beneath its appiopnate electronic foimula 



Ci 



VT 



H 



H 



CH, 



\/ 

H + 



H 



ci 


CI 




+ /\ + 
NO/ X CH 3 


+ /\ + 

H CI-L, 




A' 


A" 


CI 




\/ 


ii\/ii 


/\CH, 


J- 


H + 
18 80 / . 


]STO i "*" 

A 2 <1 / u 


B 


- HO N0 2 -\ 








> j + 


H" 


\A 

H- J 




-A- 

H N CII 3 


Cl 
_ /\ _ 

Hf CH^ 




B' 


B" 1 




+ -1- 
H\. /N0 2 ^ 


+ + 
fOa\ /H 




H- 


H- 




20 70 u / 


17 oo n / 



- + -I 

It has been shown that C1>C1, and CH 8 > CH (i , ic, the 

chloiine and methyl radicals may tend in geneial to function 
negatively rather than positively, but in 0-chlorotoluene (eilhci 
electiomei A or B) the substituents must be opposite in polanty. 
This leads to the consideration of a significant question, namely, 
will the polarities of the substztuents present in the nucleus p? ede- 
termine tn any ivay the relative quantities of the isomeric deriva- 
tives which ai e formed ? In the simultaneous foimation of the 
isomenc di-substituted derivatives of benzene the polanties of the 
substituents and the tendencies of certain substituents to function 
in one way rather than in another way were shown to be i elated 
to the relative quantities of the isorners (ortho and paia on the 
one hand, and meta on the othei) which weie formed. Now in 
the case of 0-chlorotoluene the two substituents piesent natiually 
tend to function negatively , but, since one must function nega- 
tively while the other functions positively, anothei perplexing 
question arises, namely, is the tendency for chloiine to function 
negatively more pronounced than the tendency for methyl to 
function negatively? An answer to this important question can 

be appioached only m an indirect way by comparing the geneial 

+ 
stability of methyl alcohol (HO CH 3 ) with that of hypochloious 
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_l- 

acid (HO . Cl) The lattei is undoubtedly the less stable, since 
it is readily decomposed by light or heat, whereas methyl alcohol 
is a comparatively stable compound Now, the instability and 
decomposition of hypochloious acid involves the change, as 

+ - + 

previously shown, from Cl to Cl , and since HO Cl is less stable 

. [- 

than HO CH 3 , naturally it may be assumed that the tendency 
for chlorine to function negatively is moie pionounced than the 

tendency foi methyl to function negatively, i e , Cl > CH., Oi 
in equivalent teims, the tendency foi methyl to function posi- 
tively is moie pionounced than the tendency foi chloiine to 

+ + 
function positively, i.e , CH 3 > Cl (The iclative tendency foi a 

radical to function m one way rather than m anothei way may 
be defined as its polar stability ) 

These relationships lead to the conclusion that of the two 
electiomeis (A and B) of 0-chloro toluene, the one (A), in which 
(Cl) is negative and (CH 3 ) is positive, would predominate, which 
m tuin would indicate that the nitiation of o chloiotoluene might 
yield a greatei quantity of the mtiochlorotoluenes A' and A", 
than of the mtiochloiotoluenes B' and B". These assumptions 
are confirmed by the facts, since Wibaut (loc cit) has detei mined 
the yields of the four mono-mtro-o-chlorotoluenes to which aie 
assigned, herewith, the abbreviated electronic foimulac in con- 
formity with the piecedmg scheme of substitution . 

+ - + 
Electromer (A) _> (A'), C 6 H, CH 3 Cl N0 2 (r, 2, 3) 18 8 pci cent 

+ - + 
Electromer (A) -> (A"), C 6 H 3 CH 3 .C1. NO 2 (1,2, 5) . 43-4,, 

62 z 

- + + 
Electromer (B) - (B'), C 8 H 3 CH 8 . Cl N0 2 (i, 2, 6) . 207 

_ + + 
EJcchomer (B) -> (B"), C (! H 3 CH 3 . Cl . N0 2 (i, 2, 4) . 17 o 

377 ,. 

The combined yields of A' and A" total 62-2 pei cent, as against 
377 per cent, the combined yields of B' and B" 

Attention should be called to the fact that the percentage 
yields of the isomenc products of nitration of ortho-chlorotoluene, 
;n the preceding scheme (i), and also the percentage yields 
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of the isomenc products of nitration of paia- and meta- 
chlorotoluene in the following schemes (2) and (3) icspectively, 
were determined by physical methods piocesses of fiactional 
crystallization and comparison of curves of fusion of mixtmes of 
unknown composition with those of known composition 

Scheme (2) Introduction of a Third Suhstitncnt into a Faia- 
di-substituted Derivative 

Considei now the introduction of a third substituent into a 
para-di-substiluted derivative of benzene acco.dmg to the follow- 
ing scheme (2) 



H 



H 



A 

\/ 

Y+ 



H 



H 




X 



H 



HO.Z 



H 



A' 
\/ 



H 




\/ 



Theoietically and electiomcally, two and only two tri-substi- 
tuted derivatives are possible, namely, A' and B' from electromeis 
A and B respectively One of seveial series of expenments 
which confiim the above scheme is the nitiation at of/- 
chlorotoluene by Holleman, 79 who demonstiated that only two 
mono-nitio-/-chlorotoluenes weie pioduced. The coiielation of 
these facts with the electronic formula is embodied in the follow- 
ing scheme 

f 




Cl 




Cl 


/\ 

B 


H 


- + 
- HO N0 2 


+ 
H 


/\ 

A' 


NO 




+ 


_ i-^. 







_ 


nit-T - j 




I-l\ /ll 
r T.I 4* 




GIL" 



4 z oo 



Since Cl > CH 3 , or CH 3 > Cl, one would be disposed to as- 
sume that electrom er A would predominate and, accordingly, the 
nitration of para-chlorotoluene would be expected to yield a 

greater quantity of A', QH 3 CH 3 . Cl NO 2 (i, 4, 3), than of B', 

+ + 

C 6 H 3 . CH 3 Cl NO 2 (i, 4, 2) This assumption is not lealized 
since the yields are 42 oo per cent of A' and 58-00 pei cent of 
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B' This leads to the assumption that the iclative polar 
stabilities of substituents in para position to each othei may 
diiTei fiom the relative polar stabilities of the same substituents 
when in the ortho position to each other. For example, in the 
preceding scheme (i) for the mtiation of ortho-chlorotolnene, 
electromei A predominates , but in scheme (2) for the nitration 
of paia-chlorotoluene, electiomer B piedommates Hence, in 
scheme (2) the speed of inter action of electiomer B with nitric 
acid is gieatei than the speed of mtei action of electiomer A 
with nitric acid foi the yield of B' is gieatei than the yield of A' 
Thus the speed of interaction of the respective electiomeis with 
the substituting icagents determines the yields of the substituted 
pioducts, 

Scheme (3) Inii eduction of a Third Substituent into a Meta- 
dt-substttuted Derivative. 

The introduction of a thrrd substituent into a meta-di-substi- 
tuted denvative of benzene coi responds to the following geneial 
scheme 



r 



i- 



H 



X 

Y 1 

A - 
\> 

H + 
X 




H 



\/ Y 



H- 



X 



H 



II 



A' 

v- 

H + 



A" 



H 



H \/ 



H 



H 



H + 



Since the substituents X and Y occupy positions meta to 
each other they must be of the same polarity, i e., both are 
negative in A while both aie positive In B. Some interesting 
theoietical and expen mental results present themselves, depend- 
ing upon the tendencies of X and Y to function positively or 
negatively. If both X and Y belong to that class of substituents 
which lead to the formation chiefly of ortho- and para-derivatives 



(which is the case when X>X and Y> Y), then electromer A 
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would piedommate and the chief substitution pioducts \\ould be 
A', A", and A"'. Fuitheimoie, since X and Y aie mcta to each 
other and each is natuially negative, electiomer A might pre- 
dominate to the exclusion of electromer B , and the introduction 

-h 
of a third substituent Z woul'd lead to the foirnation of only 

three isomenc tn-substitution products, namely, A', A", and A" 1 ', 
Just such a case is found in the nitration at o of w-chloio 
toluene by Wibaut (loc. cit) The peicentage yields of the 
isomers aie indicated in the scheme 




CH, 



- + 
HON0 2 



NO,, 




CH, 



CH, 



H 



H 



H 



A' 



(I, 3. 4) 

33 30 / 



U \/ > 

H + 
(*i 3, 2) 

880% 



Cl 



Now it has been shown in some instances that the tendency 
foi chlorine to function negatively is more pi onounccd than the 

tendency for methyl to function negatively, i e , Cl > CH a , This 
leads to the assumption that the enteiing positive nitio radical 

would be moie subject to the directing influence of Cl than of 

-j, 

CH 3 Now Cl directs NO 2 to the para position lather than to 
the oitho position, since chlorobenzene on mtiation yields 69-90 
pel cent of /-mhochlorobenzene, and 30*10 pei cent of 0-nitio- 

chlorobenzene On the other hand, CH 3 dnects NO 2 to the 
oitho position lather than to the para positions since toluene 
on nitration yields 56 oo per cent, of the o~ and 40 90 per cent, 
of the /-mtrotoluene. Accordingly, when 0-chloiotoIuene ifa 
mtiated, one should expect the greatest yield to be that of 

+ 
isomer (A') in which NO 3 occupies a position para to Cl and 

ortho to CH 3 A smaller yield would be predicted for that 

4- 

isomer (A") m which NO 2 is ortho to Cl and para to CH 3 . The 

smallest yield would be predicted for the isomer (A'") m which 

+ _ 

NO 2 is ortho to Cl and oitho to CH 3 These assumptions are 
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fully confhmed by the facts since the icspective yields of the 
thiee isorners, A', A", and A'", are, lespectively, $8'00 pei cent , 
32 oo pei cent, and 8 80 pei cent This constitutes a fiuthei 
pi oof that the polarities of the substituents in the nucleus and 
their tendencies to function in one way rathei than in anothei 
way piedeteimine not only the type of substitution but also the 
lelative quantities of the isomeis pioduced. 

Returning again to the geneial scheme (3) above, it should 
be noted that if X and Y belong to that class of substituents 

which lead to the foimation chiefly of raeta denvatives, which is 

4. + 

the case when X > X and Y > Y, then electromer B would pre- 
dominate Accordingly, the mtioduction of a third substituent 
Z would lead to the foimation chiefly of the tn-substitution 
pioduct in which alt three substituents (X, Y, and Z) aie positive 
Many examples aie found in the literature which show that 
when the substituents in the nucleus are positive, the entering 
substituent assumes a position meta to those piesent, and the 
piedommating isomei conesponds to B', the derivative of elec- 
tromei B Exact quantitative data upon the amounts of the 
other possible isomei a have not been found in the hteiature 

Having consideied all of the possibilities which might be 
encounteied in the introduction of a third substituent Z into an 
oitho-, a para-, and a meta-di-substituted derivative, C 6 H 4 XY, 
of benzene, and having shown that expenmental facts and data 
are in agieement with the theoretical deductions, with the 
electionic foimula:, and the principle of electronic tautomensm, 
and with the geneial electionic lule foi substitution, it should be 
added that the foimation of other poly-substituted derivatives 
of benzene will conform in geneial to the punciples and rule 
pieviously developed and illustrated This claim is warranted 
by a careful study of the nurneious tables of the vanously 
substituted derivatives of benzene which have been compiled 
with great care and piesented by Holleman (loc. cit ) m his v 
extended work on the influence of the substituents in the benzene 
nucleus, and the principles of substitution 



CHAPTER XII. 

THE ACTION OF SODIUM METHYLATE ON THE PRODUCTS 
OF NITRATION OF THE ORTHO-, PARA-, AND META-CHLORO- 
TOLUENES 

IN the piecedmg chaptei it was shown that unless oitho-, 
paia-, and meta-chlorotoluene manifest the phenomenon of elec- 
tiomc tan torn ei ism it would be impossible to explain the 
simultaneous formation of the variously substituted isomenc 
mtro-denvatives when the chloiotoluenes aie nitrated The 
pimciple of electronic tautomeiism involved m the explanation 
of these substitution reactions will receive fui ther expei imental 
confiimation if it is possible to show by hydrolytic leactions that 
some of the nitio-denvaiives aie the pioducts of the mtei action 
of one of the electiomeis of a chloiotoluene while the oLhei 
ibomeiic nitro-dei ivatives simultaneously foimed aie the pioducts 
of nitiation of the other electromer of the chloiotoluene. 

To this end, attention must be dnected throughout this 
chapter to schemes (i), (2), and (3) of the preceding chapter for 
the nitrations respectively of (i) oitho-, (2) paia-, and (3) meta- 
chloiomtrobenzene These schemes constituted the electronic 
explanation of the miration reactions conducted by Wibaut, 
Holleman and Wibaut, respectively, who cletei mined the pei~ 
centage yields of the several isomers of each nitration by physical 
methods processes of fractional crystallization and comparisons 
of curves of fusion of mixtures of unknown composition with 
those of known composition. 

In each of these schemes it will be observed that the elec- 
tronic foimulae of the isomenc nitration products (A', A", etc ) 
of the electromer A embody negative chlorine while those (B', 
B", etc.) of electromer B embody positive chlorine. Now, if it 
be possible to show by quantitative chemical methods that the 
yields of the isomers (chloromtrotoluenes) which contain negative 
chlorine aie commensurate with the yields of the same isomers 
ascertained by Holleman and Wibaut by physical methods, then 

104 
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the conception of the electionic tautomeusra of the chloiotolucnes 
as indicated in schemes i, 2, and 3 is, to this extent, fuither 
substantiated. 

The chemical method foi the detei ruination of the yields of 
the isomeis containing negative chloime depends, fust, upon the 
completeness of then intei action with sodium methylate and, 
second, the non-interaction of the isomeis containing positive 
chloime. In Older to test the applicability of these two points, 
the action of sodium methylate in methyl alcohol solution upon 
o-, f" t and ;;/-chloiomtiobenzenes was investigated These 
isomeis weie chosen because it is commonly lecoided that the 
o- and /-isomeis exchange their halogen atom for OH, 0(CH a ), 
01 NH 2 , while the 7/z-isomer is non-reactive. 

An interpietation of these reactions has been given m 
Chaptei VIII, Section A, from the standpoint of the electionic 
foimula of benzene and the substitution mle The abbieviatecl 
electionic formulae of the chloiomtrobenzenes ate as follows' 



CI CI 

/\ + /\ 



CI 



N0 



\/ V 



Only those isomers containing negative halogen (o- and /-) 
should internet with sodium methylate, thus 

t- _ + _ + - +_ 

N0 2 C b H 4 CI + Na.OCH, - N0 2 C 8 H i OCH, + Na CI, 

and the ;#-isomer, containing positive chloime, should be non- 
reactive under the same conditions 

The extent of the replacement of negative chloime can be 
found by detei mining the quantity of sodium chloiide liberated. 
After repeated expeiiments, designed to secuie the conditions 
noted, the following method was found to yield theoretical 
icsults About o 2 giam of the chloiomtiobenzene was dissolved 
in 15 c.c of a noimal solution of sodium methylate in absolute 
methyl alcohol The solution was heated at 100 in a sealed 
glass tube for 5 houis The contents of the tubes were then 
diluted to a volume of 200 c c., acidified with nitric acid, boiled 
to expel the methyl alcohol, cooled, and filteied. The quantity 
of sodium chloride m the lespective filtrates was determined by 
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titiation with standaid solution of silvei mtiate The following 
results were obtained 



Substance 


(Grams ) 


No c c ogg^yN 
AgNO", Solution 


Pei Cent 
Ncfjitivc Cl 
I'ound 


o-Cl C H 4 N0 2 


o 2005 


I28l 


22-56 


Cl C..H, N0 2 


2007 


1278 


22 48 


wi-Cl C b H 4 N0 2 


o 1992 


00 


OO 



Pn Cent 
Ntgitut 1 
Ihioittinl 



These results show conclusively that isomei s containing 
negative chlorine may< be estimated quantitatively, piovided 
conditions aie secuied for then complete interaction with sodium 
methylate, while under the same conditions the isomei containing 
positive chlorine is non-i eactive 

The chief problem of this investigation was to secme con- 
ditions undei which the negative halogen atoms of the mliation 
products of <?-,/-, and ^-chloiotoluenes would completely interact 
with sodium methylate and thus affoid a chemical method for 
detei mining the percentage yields of the isomei s of chloionitio- 
toluene which contain negative chlorine. A companson of the 
chemically detei mined and the physically detei mined yields 
could then be made With this end in view, 0-, /-, and ;-chloio- 
toluenes were each separately nitrated (at o) accoiding to the 
specific dii actions given by Wibaut, Holleman and Wibaut, 
respectively Ihe methods weie ongmally cle&ignccl to yield 
only mono-mtro substitution pioducts. The respective pioducts* 
of nitration of each of the chlorotoluenes, which consisted of 
mixtures of the different isomeis (nitiochloiotoluenes), as indi- 
cated in the preceding schemes i, 2, and 3, weie treated with 
sodium methylate solutions of vaiymg concentrations 0*5 JV, 
N t 2 N> and 3 N Samples, o 2 to 0-4 gram, of the nitiation 
products were heated, each with 1 5 c c of the sodium methylate 
solution in sealed tubes, for 10 houis at 100 The contents of 
the tubes were then analysed, as previously descnbed, for the 

_i, w 

negative chlorine, liberated as Na . Cl, piecipitated and weighed 
as silver chloride The percentage yield of the combined isomers 
containing negative chlorine was calculated from the latio 
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Ag Cl Cl,NO a CH 3 .C () H 3 . The icsulls of these expeii- 
ments are iccoided in thiee sections (I,, II , and III ) to coi respond 
with schemes I, 2, and 3 foi the nitiation of o-, /-, and M- 
chloiotoluenes, icspectively All icactions weie conducted m 
duplicate 

TABLE I 

I ACIION 01 SODIUM Mi- aim AIL ON THE ISOMFUS DFRIVLD i ROM 
o CHLOROIOMJENB 

(See Scheme i ) 



Mixture 
of Isomers 
(gram) 


Normality AgCl 
NaOCH 3 (gram) 


Pei Cent yield of Isomers A' + A" 
(i, 2, 6 and i, 2, 4- Cl, CH 3 , N0 a , Calls) 


A\ ernge 


2625 


o 5 N o 1163 


5301 




02434 


, o 5 N o 1084 


5329 


53'I5 


02835 


k N 01388 


5858 




o 2938 


'N o 1446 


5889 


5873 


03283 


2 N o 1362 


4964 




02994 


2 N o 1354 


50 12 


4988 


02772 


3 N o 0884 


3 8l6 




o 2940 


3 N o 0941 


3S30 


3823 



These results indicate that the extent of the leaction with 
sodium methylate is gieatest in the noimal solution. A 58 73 
per cent, yield of the combined isomeis containing negative 
chlorine was obtained The yields of these isomeis determined 
by the physical methods of Wibaut total 62-20 per cent The 
yields obtained by the two methods, while not identical, ap- 
proximate closely Vanations will be considered latei 

TABLE II 
II ACTION OF SODIUM MEIHYLATE ON THE ISOMKRS DERIVED IKOM 

p ClILOROIOLUnNE 

(See Scheme 2 ) 



Mixttue 
of Isomers 
(gram) 


Normality 
NaOCIIj 


AgCl 
(grm) 


Per Cent Yield of Isomer A' 
_ + 4. 

(i, 3, 4 Cl, NO 2 , CH 3 , CoIIj) 


Aveiajje 


o 2707 


05 N 


o 0799 


3533 




o 2868 


05^ 


00842 


35 13 


35'23 


o 3068 


N 


o 0946 


36-89 




o ^608 


N 


00773 


35 '47 


36 18 


02851. 


2N 


00750 


3i'44 




o 3068 


2 N 


o 0780 


3042 


30'93 


03297 


3^ 


o 0814 


2954 




03037 


3A r 


0-0769 


30*30 


29-92 
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Heie also the extent of the reaction with sodium methylate 
was greatest in the normal solution, which indicated a yield of 
36*18 pei cent of the isomer containing negative chlonne The 
yield of the same isomer determined by Holleman (fusion cuive 
method) was 42 oo per cent. 

TABLE III 
III. ACTION OF SODIUM METHYLATE ON THE ISOMURS Di-uvi'D IROM 

WJ-CHLOROTOLUENi. 

(See Scheme 3 ) 



Mixture 
of Isomers 
(gram) 


Normality 
NaOCHj 


AgCl 
(gram) 


Per Cent Yield of Iiomeis 
A' -t- A" + A"', i, 3, 6 -h I, 3, 4 4 

i, 3, 2-CH.j, Cl, NOj, Q,H a 


Average 


02257 


5N 


1652 


87-59 




o 2510 


osN 


01843 


8786 


8777 


2674 


N 


o 1987 


8899 




o 2520 


N 


0-1853 


8799 


8849 


o 2670 


2 N 


01898 


85 06 




o 3212 


2 JV 


o 2308 


8398 


8552 


o 2809 


3 N 


o 1923 


81 92 




02808 


3^ 


01888 


8046 


Si 19 



Again the extent of the icaction was gieatest in the noimal 
solution indicating a yield of 88*49 per cent, of the thiec isomeis 
containing negative chlonne. Wibaut (fractional ciystallization 
and fusion cuive methods) obtained a 1 00 per cent yield of 
these isomers 

The yields of the isomers containing negative chlorine de- 
termined by physical methods and the maximum yields of the 
same isomers determined by the chemical methods just described 
are summarized in the following table : 

TABLE IV 



Scheme 


Isomers 


Physical, 


Chemical. 


Percentage 
Ratio 


I 
2 

3 


(A' + A") 
(A') 
(A' + A'' + A'") 


62 20 (Wibaut) 
42 oo (Holleman) 
100 oo (Wibaut) 


58 73 (Fry) 
3618 
88 49 


94 '42 
86 14 
8849 



The extreme care with which Holleman and Wibaut con- 
ducted their physical determinations leads one to accept their 
results as practically final. Accordingly, in the last column 
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above, the chemically determined yields aie recoided as per- 
centages of the physically detei mined yields. If each of the 
values in the last column was 100 per cent then it might be 
asserted without question that the conception of the electronic 
tautomensm of the <?-, />-, and ^-chlorotoluenes given in schemes 
i, 2, and 3, respectively, is completely substantiated by chemical 
methods It may, neveitheless, be maintained that in so far as 
the values in the last column do appioach the theoietical, so 
fai, at least, do they substantiate both by physical and by 
chemical methods the electionic tautomensm of the chloro- 
toluenes. Moieovei, it may be said that the electionic tauto- 
mensm of a-, p-) and w-chloiotoluenes is the only hypothesis 
that has accounted foi the icplaceability of ceitam halogen atoms 
in some of the isomenc nibochlorotoluenes and the non-replace- 
ability of certain halogen atoms m others The data presented 
in this chaptei substantiate the hypothesis. 

The fact that the chemically determined quantities of the 
isomeis containing negative chlorine were less than the quantities 
detei mined by physical methods may have been due to two 
causes Fust, the mtei action with sodium methylate of one 
01 moie of these isomeis m the mixtures may have been in- 
complete This is not likely, since the results of the expcii- 
ments with the analogous chloiomtrobenzene gave lesults in 
pei feet agieement with the iheoiy Fuithermore, a survey of 
the quantitative data given in connection with schemes I, 2, 
and 3 shows a maximum replacement In every icaction in which 
the unmormal solutions of sodium methylate weie used Con- 
centrations below or above noimal gave lowei yields 

In the second place, the low yields of the isomers containing 
negative chloiine may be due to the fact that the lelative quan- 
tities of the isomers obtained on nitiation of the chlorotoluenes in 
Holleman's laboi atones may not have been identical with the 
relative quantities of the same isomeis obtained m this laboratory, 
even though the oiigmal duections given by Holleman and 
Wibaut were cairied out precisely. The variations are most 
likely clue to lack of standardization in certain details of manipu- 
lation, such as the late of the addition of the nitiic acid, methods 
ofstimng, cooling,, etc. While the temperature variations were 
kept within the prescribed limits, primarily to avoid the formation 
of poly-nitro-denvattves, it is quite likely that the local temperature 
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effects in the reaction mixture may have alteied the lelative 
quantities of the isomeis foimed. In fact, I have found that 
when nitrations were conducted sepaiately, but undei identical 
conditions, vanations in the fusion points of the lesultmg mixtuies 
were noted This signifies corresponding variations in the lela- 
tive quantities of the isomers in these mixtures 

In conclusion, the variations between the chemically and the 
physically determined yields are not sufficient to invalidate the 
principle of the electionic tautomensm of the chloiotoluenes 
The conception affords a consistent mteipietation of the observed 
facts, and is substantiated m a great measuie by the quantitative 
data ofFeied in this chaptei A one hundied percent quantita- 
tive confirmation of the electionic tautomensm of the mixed di- 
halogen benzenes (notably para-chloiobromobenzene) is found in 
the experimental data presented in Chaptei X Indeed, the 
agreement between experiment and hypothesis, definitely indi- 
cated in Chapters X, XI and XII, establishes the pnnciple of 
the electronic tautomensm of benzene deiivativcs This pnnciple 
makes it possible to mteipret the simultaneous foimation of 
ortho-, para-, and meta- di-substituted, and poly-substituted de- 
rivatives of benzene 



CHAPTER XIII 



THE MECHANISM OF SUBSTITUTION IN THE BENZENE NUCLEUS 

THE pieceding mteipietations of substitution icactiuns dealt 
with the simplified electionic foimula of benzene in which only 
the polanties of the hydiogen atoms and substituents weie 
indicated A rnoie compi ehensive descnption of the mechanism 
of substitution icactions lequnes that some account be taken of 
the pait played by the centnc valences 01 double bonds of the 
benzene nucleus The fiist part of this discussion i elates to the 
mechanism of the electionic tautomensm of benzene denvatives. 

A. The Mechanism of Electronic Tautomerism of Benzene 

Derivatives. 

The impoitant pait played by the pnnciple of electionic 

tautomensm in the explanation of substitution in the benzene 

nucleus leads to the consideration of a mechanism which involves 

the centnc valences of the catbon atoms of the nucleus The key 

to this mechanism is embodied in' the assumption (to be sub- 

1 stantiated by expenmental facts) that when a given hydiogen atom 

Soi substituent is negative it is united to a carbon atom which pos- 

I sesses a positive centric valence On the othei hand, when a hy di o- 

gen atom or substituent is positive it is united to a carbon atom 

which possesses a negative centnc valence These assumptions ai e 

embodied in the following formulas illustiating more completely 

the electionic tautomensm of a mono-substituted denvative 

x X 



" 



H- 



- -I- 



< 



/\ 



-I- + 
\ 



-H 



-H 



H- 



\ + 



~ JL. 

H / \ T,T 

\ / 

-i- + 



-II 



H 



H 
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The electronic tautomensm of a poly-substituted denvative would 

conform to the same principles and like scheme 

+ - + 
When X becomes X (X -* X + 2) the polanty of the catbon 

valence binding X is changed fiom positive to negative, i e, in 
terms of the electiomc conception of oxidation and i eduction, 
the positive valence has been reduced to a negative valence On 

4- 

the othet hand, when X becomes X, the valence binding X is 
changed from negative to positive, i e , it is oxidized Simul- 
taneously, corresponding changes occui in the polaiittes of each 
of the other hydiogen atoms or substitucnts, and the caibon 
valences binding same In olhei woids, foi each oxidation theie 
is a coi responding reduction, otherwise, the symmetiy and, con- 
sequently, the stability and composition of the benzene nucleus 
would be alteied 

Anothei important point to be observed in the above scheme 
is that the tiansition from the oneelectioraei to the othei involves 
a change in the polanty of each centuc valence This type of 
change is defined as centric rearrangement, A complete scheme 
of the several possible centric foimulse of benzene and their 
transitions to the Kekul6 foimulae will be shown, in a subsequent 
chapter, to involve changes from double bonds of the type 

+ - 
(C=C), termed contraplex> to double bonds of the type 

. _i 

+ - 
(C==C), termed dtplex. Such changes, contmplex-diplei' transi- 

+ - 

twns, take place in those compounds which show distinct bands 
in their absorption spectra 80 Accordingly, they seive as a 
structural basis for the development of a lelationship between 
chemical constitution and absoiption spectia. In other words, 
the rearrangements of the centric valences and the concomitant 
contraplex-diplex transitions cause a distuibance in the vibiations 
of the systems of electrons, whereby light of coil elated penod is 
absorbed in accordance with the theoiy of resonance By means 
of the various electiomc formulae of benzene and their systems of 
dynamic equilibria, it will be demonstrated that a definite re- 
lationship exists between the oscillation frequencies of the seven 
bands in the absorption spectium of benzene and the numbers of 
contraplex-diplex transitions involved, which function as the 
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ongni of the respective absoiption bands This relationship is that 
of a hneai function expressed by the equation,^ = 21 60628% + 
3679 '509, in which (y) is the oscillation fiequency of a given 
band, and (x) is the numbei of contiaplex-diplex transitions 
functioning as the ongm of the given band The deviations of 
the calculated fiequencies fiom the obseived frequencies aie less 
than the limits of eiroi m expeiimental obseivation Other 
similai and exact lelationships aie developed and found to hold 
for the oscillation fiequencies of the absorption bands of naphtha- 
lene, 81 chloiobenzene and biomobenzene, 82 and foi the fluoies- 
cence bands of anthracene and phenanthrene 83 This woik, which 
will be fully descnbed later, has been biiefly indicated here 
because thiough these physical measuiements an experimental 
confiimation is offeied foi the hypothesis of contiaplex-diplex 
tidnsitions which involve centnc leairangements, i e, changes in 
the polarities of the centnc valences of benzene These centnc 
valences and leanangements will now be shown to play a very 
definite part in the fuithei development of the mechanism of 
substitution in the benzene nucleus 

B. The Mechanism of Substitution : an Electronic 
Interpretation of the Hypothesis of Holleman. 

Holleman m his woik on Die direkte Ernfuhrung von Sub- 
stituenten in den Bensolkern, has desciibed and discussed the 
various hypotheses which have been advanced at different times 
to explain the mles of substitution, but he is of the opinion that 
none of these hypotheses is able to give a satisfactoiy explana- 
tion of the facts. Fuithei moie, Holleman, in a lecent papei, 8i 
makes this statement 

" Notwithstanding the fact that the pioblem of substitution 
m the benzene nucleus has been studied intensively enough of 
late, theie still lemains a fundamental question which has not 
yet been solved , it is the question of knowing the i eason why/ 
such 01 such gioup duects a new substituent chiefly to the para-| 
orlho positions or chiefly to the meta position " I 

Apropos of this statement, it has been shown that the 
electronic foiraula of benzene and the electiomc mteipretation of 
the Blown and Gibson mle do affoid an explanation, m the sense 
that if the substituent m the nucleus is negative then the entering 
positive substituent must assume a position eithei oitho or para 
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to the substituent already piesent, and, if the substituent m the 
nucleus is positive, then the entenng positive substituent must 
assume a position meta to the one aheady piesent This hypo- 
thesis has been substantiated by numeious examples of substi- 
tution The mechanism, or schemes, for these leactions as 
previously presented involved the simplified elecbonic foimulae 
foi benzene indicating only the polanties of the hydiogen atoms 
and substituents, and the electronic foimulae of the substituting 
reagents, but, since it is geneially conceded that substitution in 
the nucleus involves (i) the addition of the substituting leagent 

+ 
(for example, HO . Y) and (2) the elimination of certain elements 

+ 
(for example, H OH), it follows that any mechanism pioposed 

to account foi these changes (i and 2) must considei the part 
played by the centric valences 01 the double bonds of the nucleus 
Foi the present, it is simplei to indicate the pait played by the 
free centnc valences m effecting the addition of the substituting 
reagent, lather than to picture the pait as played by the " opening 
up" or "bieakmg" of the double bonds. In eithei case, the 
mechanism of the change involved would amount to one and the 
same thing, since the centric formula is simply an mtei mediate 
phase between the Kekule foimulse, 01 phases, which possess 
double bonds 

From the above points of view a moie complete mechanism 
of substitution will be indicated , first, for the formation of an 
ortho-di-substituted denvative, m which case the substituent (X) 
present m the nucleus functions negatively, and the entering 
substituent (Y) is positive The foimulae will indicate only the 
polanties of the bonds 01 valences which aie immediately related 
to the paiticular changes. 

X X OH 




-(- HO Y 




H + 
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X 



II 



+ -h 



\ 



+ H OH 



H 



H + 

The formation ofapaia-di-substituted denvative also involves 
the electiomei in which X is negative, and the entenng substitu- 
ent Y, positive 

x x OH 



H 



\ 



+ H- 



\ + 

H 



\ 



- + 
HO.Y 




H 



Y H 



X 






\ + 

> H 



JL M, 

+ H OH. 



H 



On the other hand, the formation of a meta-di- substituted 
derivative involves the electromer m which X is positive, and the 
entering substituent Y is positive, 
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In each of the above schemes, the addition of the radicals of 

_i_ 

the substituting reagent (HO and Y) engages only two of the 
six centric valences The remaining centric valences lend them- 
selves to the formation of double bonds in the addition product, 

4 

This addition reaction is followed by the elimination of H and OH 
as water and a consequent return to the centnc foimula of the 

di-substituted denvative 

+ 
The substitution of halogen (Y 2 = Y + Y) would coiiespond 

+ 
to the addition of Y and Y to the centnc valences with the sub- 

+ - + 

sequent elimination of H . Y and the fixing of Y in the nucleus, 

. ^ 

either ortho or paia to X, or meta to X. In Chaptei XV a 
mechanism is given for the action of halogen canieis in effecting 
nucleus substitution, which is directly correlated with the above 
schemes The halogen carrier forms an unstable addition com- 

+ 
pound with the radicals Y and Y of the halogen molecule Y 2 , 
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This unstable addition compound either induces the direct com- 
bination of Y and Y with centiic valences, or the drssocration 
products of the addition compound itself combine with the 
centric valences. In either event, subsequent elimination of 

H . Y (and the concomitant regeneration of the carrier) results m 

the nucleus substitution of Y. 

An examination of the preceding mechanisms of substitution 

shows that the polarity of the substituent X present in the nucleus 

and the polarities of the centric valences predetermine the types of 

'! substitution which result in the formation either of ortho- and para- 

II + - 

I derivatives, or of meta-denvatives If both electioneers (C 6 H S . X 

- I- + 

and C G H & X) interact wrth HO Y, simultaneous foimation of 

i ortho-, para-, and meta-denvatives follows as previously described 
(, and confirmed by extended experimental facts and data. 

It may now prove rnterebtmg to show that the mechanism 
for the formation of ortho, para, and meta classes of derrvatives 
as proposed by Holleman may be correlated wrth the electronic 
for mulae and substitution schemes just presented. 

On the basis of the Kekul6 foimula (the centric formula 
applies equally well) Holleman supposes that the substituent X, 
already present in the nucleus, may either promote or retaid the 
addition of the radicals of the substituting reagent to the double 
bonds (or to the centric valences). If X promotes addition, the 
ortho and para compounds are formed, addition having taken 
place in positron i, 2 (or I, 6) and I, 4 respectively "Conjuga- 
tion" is assumed to cause the addition in the paia (i, 4) position 
according to Thiele's hypothesis On the other hand, the addi- 
tion of the substrtutrng reagent to the double bond (or to the 
centrrc valences) of carbon atoms 2 and 3 cannot be greatly 
influenced by X, because X rs not in drrect relatron with either 
of these atoms In other words, under the influence of X, the 
speed of addition to posrtron i, 2 (or i, 6) and I, 4 rs either 
accelerated or retarded, while the speed of addition to positron 
2, 3 (or 5, 6) is about the same as in the non-substrtuted benzene 
itself Accordingly, when X acceleiates the reaction, substitu- 
tion takes place m positions ortho and para ; when the accelera- 
tion is great, the ortho and para products will be formed 
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exclusively, foi the quantity of the meta pioduct which could be 
foimed simultaneously through addition to position 2, 3 is then 
so small that it is not peiceptible. When, on the othei hand, 
the acceleration is not so gieat, the meta isomei may also be 
formed 

In the case where X tetards the icaction, the addition to 
position 2, 3 predominates and pioceeds more lapidly than the 
addition to position I, 2 (01 I, 6) and I, 4 The meta isomei > 
then becomes the principal pioduct 

Holleman illustiates the mechanism of these types of addi- 
tion by supposing C fl H 5 X to undergo nitiation, in which case 
nitric acid adds as HO and NO 2 The addition compounds aie 
as follows 

HO x 
\/ 






/\ 

H NO, 

Ortho Para Meta 

By the subsequent removal of H and OH as watei, an oitho, 
a paia, or a meta compound is formed 

Now it should be noted that the above addition compounds 

as foirnulated by Holleman are identical with the electronic 

foimulge for the addition compounds pieviously indicated, but 

with this important exception- the electronic foimul<ie, by 

indicating the polarities of the hydrogen atoms, the substituents, 

the centric valences, and the radicals of the substituting reagent, 

make possible a formula-mechamsm by ivJnch addition must take 

place in one way rather than in some other way On the other 

hand, the ordinary Kekul6 and centric foimulae cannot, per se, 

indicate why addition should proceed in one way rather than in 

another. For instance, the addition of HO . NO 2 in Holleman's 

scheme unites OH to carbon atom I, and NO 2 to caibon atom 

6. Now as far as the regular Kekul6 or centric formula is 

concerned OH might just as well unite to atom 6 while NO 2 

unites to atom I Other additions are structurally possible in 

positions i, 4 and 2, 3 In other words, six types of addition 

instead of the three as indicated by Holleman are possible fiom 
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the standpoint of the oidmaiy stiuctural foimulae Hence, it is 
evident th it some qualification or limitation of the types of addition 
must be made This, of course, is true of any hypothesis which 
deals with stiuctural foimulae and pioposed mechanisms of ie~ 
action, but the maiked superiority of electiomc formulae over 
oidmary structuial foimulae lies in the fact that the valences ofj 
the atoms and radicals may be qualified, in conformity with facts 
of experiments, as positive or negative, a distinction which 
cannot be embodied in the ordinal y foimulae. Therefoie, the 
electiomc valence hypothesis which peimits of such qualifications 
possesses gieatei significance in the mteipietation of chemical 
phenomena than the ordmaiy valence hypothesis. 

It may now be demonstiated that Holleman's formulae for 
the ortho, para, and meta addition compounds may be intei- 
pieted m teirns of positive and negative valences Fuitheimoie, 
this mterpietation logically leads to the same electronic foimulae 
that weie proposed foi these addition compounds in the fiist 
pait of this section (B) This necessarily follows if we admit 

i tiM 

that the electronic formulae of water and nitric acid are H OH 

4. 

and HO . NO 2J respectively , and, that the benzene molecule is 
symmetrically constituted, i e., fiom the electronic point of view 
that foi every positive charge 01 valence thei e is a corresponding 
negative charge or valence. The correlation of Holleman's 
foimulae with the electronic formulae is as follows : 

In Holleman's ortho addition compound, the union of OH 

+ 
with carbon atom i, and NO 2 with caibon atom 2 or 6, means 

that the free valence of atom i is positive while that of atom 2 

+ 
or 6 is negative In the para addition compound, N0 2 unites 

to caibon atom 4 which, accoidmgly, possesses a free negative 
valence In othei words, the ortho and paia addition com- 
pounds show that the centnc valences of positions 2, 4, and 6 
aie negative while I is positive. Consequently, fiom the 
symmetry standpoint, the centric valences of positions 3 and 5 
are positive just as I is positive 

The polaiities of the hydrogen atoms and substituents of the 
nucleus are indicated by Holleman's assumption that the di- 
gubstituted deiryative? is foimed through the elimination of water 
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Li. OH. In Holleman's foimula for the ortho addition com- 
pound, the hydrogen atom of position 2 or 6 is eliminated with 
the hydroxyl radical of position I , and in the pai a addition com- 
pound the hydrogen atom of position 4 is likewise eliminated with 
hydioxyl of position I Since the elimination of water is the 

+ 
union of H and OH, it follows that the hydiogen atoms of 

positions 2, 4, and 6 of the ortho and paia mti o-compounds of 
Holleman aie positive. Consequently, fiom the symmctiy 
standpoint, the hydrogen atoms or substituents of position I, 3, 
and 5 aie negative As a mattei of fact, the oitho and paid 
mtro-compounds, m which X = Cl or Bi, leadily exchange X foi 
hydroxyl on tieatment with aqueous potassium hydroxide , since 
OH is negative, X is accordingly negative 

Having correlated Holleman's oitho and paia compounds 
with the electionic formulae, consider, on the othei hand, his 

formula for the meta addition compound Heie, HO unites 

+ 

with the free valences of carbon atoms 2 or 6, while NO 2 com- 
bines with those of atoms 3 or 5 Hence, the fiee 01 centnc 
valences of positions 2 and 6 are positive while those of positions 
3 and 5 are negative, and from the electionic symrnetiy stand- 
point, the lemammg centnc valences of positions I and 4 must 
be negative and positive, respectively Thus in the meta nitio- 
compound the centric valences of caibon atoms I, 3, and 5 ale 
negative while those of atoms 2, 4, and 6 aie positive Considei- 

+ 
mg the polarities of the hydrogen atoms and substituents, NO 2 

replaces the hydrogen atom of position 3 or 5, which is accoid- 
ingly positive From the symmetry standpoint X of position I 

should also be positive As a matter of fact, when X = NO 2 , 

4. 4. 

as in nitrobenzene (C 6 H 5 , NO 2 ), the entrance of a second N0 2 is 
in position 3 or 5, meta to position I Furthermoie, when 
X = Cl or Br m the meta nitro-compounds, X is not directly 
replaceable by negative hydroxyl and is theiefore positive 
The atoms of positions I, 3, and 5 being positive, those of posi- 
tions 2, 4, and 6 are negative 

From the above it is evident that Holleman's foimulse and 
mechanism of substitution maybe interpieted in terms of positive 
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and negative valences, and the electronic foimulae theieby de- 
veloped aie coi related perfectly with the electionic foimulae and 
principles pieviously picsented Therefoie, the numeious cases 
of substitution which have been inteipreted by Holleman's 
hypothesis aie also interpreted by the electionic foimulse and 
principles which possess the added significance of showing why 
ceitain substituents (which aie negative) lead to the foimation of 
oiHio- and paia-denvatives, while otheis (which die positive 
substituents) lead to the foinution of meta-clenvatives 

The remaining featuies of Holleman's substitution hypothesis 
to be consideied fiom the point of view of positive and negative 
valence i elate to the velocities of the substitution leactions and 
their dependence upon the natuie of the substituents which aie 
present in the nucleus Thus, when a substituent, X, accelerates 
the substitution leaction, substitution follows the oitho-para 
rule which may lead to the exclusion of any meta compound 
If X has no such acceleiatmg effect, smallei or laiger quantities 
of the meta compound will be foimed. These facts make it 
possible to predict the place that a thud substituent C will 
occupy in the nucleus of a di-substituted derivative, C 6 H 4 AB 
This place is determined by Hollernan by measuiing the speeds 
of substitution of C in C 8 H 5 A and in C H fl B, and by asceitam- 
ing the propoitions in which the isomeis of CgH^AC and CJi^BC 
are formed in each case A compaiative study fiom these points 
of view enables Holleman to deteimme the relative effects of 
diffeient substituents upon the speeds of substitution leactions. 
Thus, one substituent, HO, is found to have a gteatei acceleiatmg 
effect than anothei, NH 2 (icpresented thus OH>NH 2 ), and a 
compaiison of these relative effects leads to a senes Foi in- 
stance, the substituents which lead to the foimation of oitho- and 

I para-deiivatives aie arranged thus OH > NH 2 > halogens > CH 3 
The substituents which lead to the foimation of meta-denvatives 

^present the series C0 2 H > CHO > SO a H > N0 2 . 

Apropos of his hypothesis, Holleman has just recently stated 
that the cause for the diffeient accelerating effects of the diffeient 
substituents has not yet been explained. This "cause" may be 
inteipreted in terms of the electronic conception of positive and 
negative valences, because the types of substitution are directly 
related to the polanties of the substituents piesent m the nucleus 
and the tendencies of these to function in one way lather than 
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in another way For instance, as shown in Section B of 
Chapter IX, those substituents which lead chiefly to the fotma- 
tion of ortho- and para-derivatives aie the substituents which tend 

" H 

to function negatively rather than positively (X > X), while those 
substituents which lead chiefly to the foimation of the meta 

compound are the very substituents which tend to function 

+ 

positively rather than negatively (X>X) Moreover, a sub- 
stituent which is naturally negative may manifest a gi eater 
tendency to function negatively than another negative substituent, 

thus X > Y , and analogously for positive substituents there 

+ + 
exists the iclation (X>Y) These lespective tendencies weie 

shown m Chapter XI to be a possible cause foi the piepondei- 
ance of one electromer over another in the electronic tautomei- 
ism of benzene denvatives This pieponderance or Inci eased 
concentration, in turn, accounted for the lelative yields of the 
several possible isomers Therefore, if the greater concentration 
of one electrornei in the equilibrium system is detei mined by 
the tendencies of its substituents to function in one way rathei 
than in another way, and if the speed of a leaction is a factoi 
of the concentrations of the interacting substances, it follows 
that the speed of a substitution reaction is dependent upon the 
polarities of the substituents piesent in the nucleus and then 
respective tendencies to function in ceitain ways From this 
point of view it follows that Holleman's seiies 
(OH > NH 2 > halogens > CH 3 ) 

may be represented thus OH >NH 2 > halogens >CH >1 The 

+ + -i- -i- 

other series is as follows , CO 2 H > CHO > SO 3 H > NO 2 

If the tendency for a substituent to function m one way 

rather than in another way be defined as the ".polar stability of 

jthe subsjiituejit," it follows that the velocities of substitution re- 

t -.factions in the benzene nucleus are functions of the polar stabilities 

yof the substituents in the nucleus. In othei woids, the polar 

stabilities of the substituents determine the concentrations of 

the electromers, which concentrations are the principal factors 

in determining the velocities of the substitution reactions. 

This chapter should be concluded with the following summary 
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The conception of the electiomc tautomensm of the derivatives 
of benzene furnishes an explanation of (i) the types of sub- 
stitution and the simultaneous foimation of oitho-, para-, and 
meta-substituted denvatives, (2) it icndeis possible the pie- 
diction of the lelative yields of the isomeis which aie dependent 
upon the prepondeiance 01 mci eased concentiation of one elec- 
tromei over the other , (3) the concentiations of the electiomeis 
ate pi edetei mined by the polar stabilities of the substituents in 
the nucleus , (4) the velocities of substitution leactions are 
functions of the polar stabilities of the substituents Accoidingly 
all facts that aie explained in teims of the velocities of reactions 
may be mteipieted in teims of the polai stabilities of the sub- 
stituents. This phase of substitution m the benzene nucleus 
will be developed fuither in the following chapter 



CHAPTER XIV. 

THE QUANTITIES OF THE PRODUCTS OF NITRATION OF VARIOUS 
DERIVATIVES OF BENZENE IN RELATION TO THEIR ELEC- 
TRONIC FORMULAE. 

THE two most important phases of the pioblem of substitution 
in the benzene nucleus aie (i) the explanation of the types of 
substitution, that is, the conditions which predeteimme the 
formation of ortho-, para-, and meta-substituted denvatives, and 
(2) the possibility of piedictmg within ceitain limits the lelative 
quantities of the resulting substitution products The fiist phase 
of this problem has been explained by the electronic foimula of 
benzene, and the principle that the polanty of the substituent X 
present in the nucleus, and the polarities of the centric valences 
predeteimme the types of substitution, namely, the foimation of 
ortho- and para-den vatives, or of meta-dei ivatives. Electronic 
tautomensm of benzene derivatives accounts foi the simultaneous 
formation of ortho-, para- and meta-denvatives. 

It is the purpose of the present chaptei to suggest a method 
of attacking the second phase of the benzene substitution piob- 
lem relating to the quantities of the substitution products 
obtained A possible solution will be- indicated m a study of 
the quantitative yields of the pioducts of mUation of various 
derivatives of benzene in conjunction with the electronic foimulae 
of these derivatives 

In the preceding chapter it was shown that a relationship 
must exist between the concentrations or reactivities, of the 
electromers of a given benzene denvative in tautomenc equih- 

+ - + 

brmm (C 6 H 5 . X ^ C 6 H 5 . X), and the yields of the respective 
products of nitration of each electromer This follows fiom 
the fact that there is a relationship between the concentration of 
a given electromer and its speed of interaction with mtnc acid, 

+ 

for if electromer C 6 H 5 X preponderates, then the combined 

124 
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yields of the oitho- and paia-deiivatives of C C H 5 . X will exceed 

_ ~L. 

the yield of the meta-denvative of C C H 5 , X On the othei hand, 

w. ,i.]_. 

if electiomei C H 5 . X piepondeiates, then the yield of the meta- 
denvative will be greater than the combined yields of the ortho- 
and paia-denvatives 

It has been assumed that the preponderance or inci eased 
concentiation of one electromer ovei the other depends upon, 01 

is a function of, the jtendency of the given substituent to function 

+ + 

in one way lather than in anothei , thus, eithei X>X or X >X 
This tendency has been lefened to, in the piecedmg chapter, as 
the polar stability of the substituent Accoidingly, the concen- 
trations of the electiomers are predetei mined by the polar sta- 
bilities of the substituents piesent in the benzene nucleus 

It now becomes necessary to develop furthei this conception 
of polai stability and to mquue how and to what extent it pre- 
detei mines the types of substitution, and, concomitantly, the 
quantitative yields of the substitution products To this end, 
the nitration of toluene, benzyl chlonde, benzal chloride, and 
benzotrichlonde, quantitatively investigated by Holleman, 85 
affords significant data which are given m the following table 
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C a H B , CH,C1 
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C 8 H B CHC1 2 
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233 


429 
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338 


4 


C,H B CC1 3 


N0 2 


68 


287 


355 


645 



The first column embodies the formulae of the mono-substituted 
denvatives, C H 5 X, which aie nitrated at 01 neai o Centigiade, 
under conditions that lead to the substitution of only one nitio 
group, Y, yielding in each of the nitiation reactions (Nos I, 2, 3, 
and 4) varying quantities of ortho-, paia- and meta-mtrotoluenes, 
C H 4 XY. The fifth column gives the combined yields of ortho- 
and para-den vatives, while the sixth column shows the corre- 
sponding yields of meta-mtro toluene. 

From the standpoint of the scheme for the nitration of a 
mono-substituted derivative, C 6 H 5 X, yielding simultaneously 
ortho-, para-, and meta-di-substituted derivatives, C 8 H 4 XY 
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(see p 78), the above data show that the tendency for the 
substituent X to function negatively is greatei in C H 6 CH 3 , and 
in C 6 H a CH 2 C1, than it is in either C 6 H 6 . CHC1 2 01 C H fl CCl^ 
This tendency, or relative polai stability, is lepiesented thus 

CH 3 or CH 2 Cl>CHCl 2 >CClj Consequently, the combined 
yields of the ortho- and paia-nitiotoluenes, while piactically the 
same in the nitration of C 6 H 5 CH 3 and C 6 H 6 . CH a Cl, are found 
to decrease when C C H 5 CHC1 2 and C H B CC1 3 aie nitrated 
In other words, the concentrations of the electiomeisof the type 

+ 

C b H 5 X m the successive mtiations I, 2, 3, and 4 (piecedmg 
table) are relatively as follows 

CHi CH 3 , or C 8 H CH a Cl > C U H B . CHC1 2 > C fl H B CC1 3 

On the othei hand, it may be noted that the tendency foi the 
substituent CC1 3 to function positively is gi eater than that of 
eithei CHC1 2 01 CH 2 C1 and CH 3 . These iclative polar stabilities 

aie indicated thus CC1 3 >CHC1 2 > CH 2 C1 01 CH, Conse- 
quently, the yields of meta-mtrotoluene inciease in the successive 
nitrations as noted in the preceding table In equivalent teims, 
the concentrations, or leactivities, of the electiomers of the 

+ 

opposite type, C 6 H 5 X, in the successive nitrations (i, 2, 3, and 4) 
are related as follows 



- j- 

C 8 H .CH 3 or C 6 H 5 CH 2 C1 > C U H B CHC1 2 > C B H B . CC1, 

The conception of polar stability as heietofore applied to 
substituents or radicals does not lend itself to mathematical 
definition, but there may be assigned to a given substituent a* 
MsLnmker which may be defined as the algebraical sum of the! 
positive and negative valences of that atom of the substituent or 
radical which is united to the benzene nucleus Since a given 
substituent may function either positively or negatively, there 
shall not be included in this polar number the positive or the 
negative valence which unites the radical to the nucleus Accoi cl- 
ing to this definition, the polar numbers of the radicals CHj, 
CH a Cl, CHC1 2 , and CCI 3 appear from their electronic formula' 
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H 



H- 
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- + + - . 



Cl 



Cl 



-Cl, H- 



-Cl and Cl- 



., .1 



+ 4- - 



-ci, 



to be, respectively, - 3, - i, + i, and + 3. 

A lemarkable lelationship is found to exist between these 
[ polar numbeis and the quantitative yields of the oitho-mtio- 
denvatives In the following table, the first column embodies 
the formulae of the benzene derivatives, C 6 H 5 X, subjected to 
nitration The second column gives the polar number of the 
substituent X, and the third column contains the corresponding 
peicentage yields of the ortho-nitro-denvative 



Polar Number of 
Substituent X 



Ortho nitro 
dernative 



C,,H n 


CH, 


- 3 


58-8 


CH" 


CHoCl 
CHC1. 


- i 
+ i 


4 9 
23 3 ' 


C b H B . 


CC1 3 


+ 3 


68 



If, in the system oi lectangular co-oidmates, the polar 
numbers of the substituent (X) are indicated on the X axis and 
the coi responding percentage yields of the ortho-mtro-denvatives 
aie indicated on the Y axis, 
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5 +4 +3 +2 +1 -1 -2 -3 -4 -5 -6 -: 



it is quite evident that the quantitative yields of the ortho-mtio- 
substitution products of toluene, benzyl chloride, benzal chloride, 
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and benzotiichlonde are a direct hneai function of the polar 
numbers of the lespective mono-substituents, CH 3 , CH a Cl, 
CHC1 2 , and CC1 3 piesent m the nucleus In the same manner 
(rectangular co-oidmates) it follows that the combined yields of 
the ortho- and para-mtrotoluenes on the one hand, 01 the yields 
of the meta-mtrotoluene on the other hand, aie also linear 
functions of the polai numbers of the substituents CH 2 C1, CHC1 2 
and CC1 3 

The existence of the foregoing lelationships wan ants a seaich 
for other quantitative lelationships To this end, the only 
quantitative data available aie chiefly those of Holleman and his 
co-workers, who have caiefully determined the yields (m per 
cent.) of the pioducts of nitration of vaiious mono-substituted 
derivatives of benzene. The initiation reactions weie conducted 
so as to yield only mono-mtio-deuvatives, oitho-, meta-, and 
pai a- All the available data aie embodied in the following 
table 



I 

Substituent (X) 
in Nucleus 


II 

Polar 

Number 


III 
Ortho 


IV 
Para 


V 
(o \ />) 


VI 
Mtti 


CH 3 


- 3 


560 


4 9 


969 


3 * 


CH.C1 


- i 


409 


549 


9S8 


42 


F 


o 


124 


87-6 


100 





Cl 





301 


699 


loo o 


O 


Br 





376 


62 4 


100 





I 





41 I 


587 


100 


O 


CHCL 


+ I 


233 


429 


662 


338 


CC1 3 


+ 3 


68 


287 


355 


645 


C0 2 C 9 H 


+ 3 


283 


33 


31 6 


684 


C0 2 CH 3 


+ 3 


21 


58 


268 


73.3 


C0 2 H 


+ 3 


185 


I 2 


197 


803 


N0 2 


+ 4 


68 





68 


93 2 



Column I embodies the formulae of the substituents (X) of 
the mono-substituted derivatives C fl H 5 X The polar numbeis 
of these substituents aie indicated in column II, Columns III , 
IV, and VI embody the percentage yields of the oitho-, paia~, 
and meta-mtro-compounds, respectively, of geneial formula 
C fi H 4 . X N0 2 In column V the sum of the percentage yields 
of the ortho- and para-isomers is given The data of the table 
have been tabulated in the order of the increasing values of the 
polar numbers of the substituents, i e , from T- 3 to + 4 This 
arrangement reveals some striking regularities which may be 
summarized as follows 
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(1) When the polar number of a given substituent is zero or 
less than zero the combined yields of the oitho- and paia-mtio- 
compounds lange between ninety and one hundred pei cent 
In othei woids, the oitho-paia type of substitution and per- 
centage yield of pioducts piedommate piactically to the exclusion 
of the meta type of substitution and yield when the polar number 
of the substituent in the nucleus is zeio 01 less than zero 

(2) As the polai numbei assumes a positive sign and increases 
in value, the conespondmg ortho-para peicentage yield decreases 
while the meta yield increases Thus when the polar numbei is 
+ 4 the meta type of substitution and yield piedommate almost 
to the exclusion of the oitho-paia type and yield 

(3) Fiom (i) and (2) it appeals that the combined yields of 
the oitho- and para-mtro-substitution pioducts and the yield of 
the meta-mtio-substitution pioduct are pi edetei mined, within 
ceitain limits, by the polai nurnbei of the substituent X m 
C & H 6 X Therefore, if the yields? of the ortho- and para-denva- 
tives aie dependent upon the speed of mteiaction of the electiornei 

of the type C H 5 X and the yield of the meta-denvative depends 
upon the speed of the mteiaction of the electromei of the type 

C 6 H 5 . X in the tautomenc system C H 5 X == C 6 H 5 X, then it 
follows that the j$eed of the interaction of these electromers with 
the substituting reagent is a function of the polar number of the 
substituent X in C G H 5 X. Fuitheirnore, if the speeds of re- 
action of the electioneers aie dependent upon their concentration, 
then these concentrations are also a function of the polar number of 
the substituents 

(4) Finally, it should be noted that, in teims of positive and 
negative valences, the polai numbei of a substituent is in leahty 

\an index of the degree or state of oxidation of that atom of the sub- 
\stituent whicli is directly united to the benzene nucleus This is in 
hairnony with the principle that the development of positive 
valences (i e,, loss of elections) coiiesponds to oxidation while 
the development of negative valences (i e , gam of elections) 
coiiesponds to reduction In othei words the^ problem of 
benzene substitution appeals to be resolving itself into a study of 
ijfche states of oxidation or^reduction of the atoms of the sub- 
stituents, i e , that atom of the substituent which is in direct 
combination with a carbon atom of the benzene nucleus. It is 

9 
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significantly interesting to tecall, indirectly in this connection, 
that the empirical rule of Biown and Gibson was based upon the 
susceptibility to oxidation of certain compounds. The signifi- 
cance of this featuie was mteipreted in the fuither analysis of the 
Brown and Gibson rule (Section B, Chapter IX ). 

The present chapter has indicated the existence of a rela- 
tionship between the polar number of the substituent X in C ( ,H f) X, 
and the combined quantitative yields of the oitho- and para- 
mono-mtio-substitution pioducts on the one hand, and the 
quantitative yield of the meta-mtio-denvative on the other 
Theie yet lemams to be developed a relationship between the 
variable quantitative yields of the oitho- and the paia-mono-mtio- 
substitution products, and the lespective electiomc foimulos of 
these products Peihaps a solution to this problem may also be 
found m a further development of the conception of the polar 
numbers of the substituents 



CHAPTER XV 

HALOGEN SUBSTITUTION IN THE BENZENE NUCLEUS AND IN 
THE SIDE-CHAIN. 

SUBSTITUTION in the benzene nucleus has been considered at 
length in the piecedmg Chapters IX. to XIV, inclusive, with 
the special piupose of (l) explaining the types of substitution 
and (2) indicating the possibility of piedictmg the relative 
amounts (quantitative yields) of the vanous isomenc pioducts 
obtained in substitution reactions Another interesting pioblem 
is presented in the action of halogens upon benzene denvatives 
containing side-chains In such icactions the halogen atoms 
may be substituted either in the benzene nucleus or in the side- 
chains Tempeiature, catalysts, such as halogen-earners \ and 
the photochemical action of light are the conditions which play 
piomment but perplexing parts in these complex substitution 
reactions 

In view of the many phases of this pioblem, the present 
chapter is limited to a discussion and an interpretation chiefly 
of the action of bromine upon toluene Theie are two very 
evident reasons for this (i) Toluene is the simplest derivative 
of benzene which may be regaided as possessing a side-chain, or, 
peihaps more coriectly, a radical, the hydiogen atoms of which 
are comparable in then chemical behaviour with the hydrogen 
atoms of side-chains containing moie than one carbon atom 
(2) Practically all of the icseaich relating to the problem of 
substitution in the benzene nucleus and in the side-chain has 
been confined to the action, under various conditions, of chlorine 
and bromine upon toluene 

A comprehensive idea of the nature and extent of the work 
upon this subject has been presented by Bancroft from the 
standpoint of " halogen-carriers " and the electrochemistry of 
light 86 The general conclusions, briefly indicated, are as follows 
Toluene undeigoes substitution either m the nucleus 01 in the 
side-chain accoi ding to the conditions. Schramm 87 found that 
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chloime or biomme substitutes the hydrogen atoms of the side- 
chain, at 0, and at highei temperatuies, tti t]ie sunlight In. 
diffused daylight and in the daik a mixtuie of oitho- and paia-, 
chloro- and biomo-toluene lesults, and a like effect is pioduced 
among the higher homologues Canmzzaio 88 observed that side- 
chain substitution took place in the daik at the boiling-point of 
toluene On the othei hand, nucleus substitution is induced 
by the usual cameis, such as feme chloiide, molybdenum, 
and antimony pentachlonde, iodine chloiide, pyndine, and the 
aluminium-meicury couple The most iccenl and notewoithy 
contribution is the woik of Cohen, Dawson, Blockey, and 
Woodmansey, 80 who found that, at the boilmg-pomt of toluene, 
moist chloime in the dark pioduces nucleai substitution to the 
extent of nearly 90 per cent , whereas in the light, diy chlorine 
incieases side-chain substitution, yielding on the average about 
94 pei cent of benzyl chloiide Furtheimoie, they make this 
statement " In so far as the lesultant effects aie concerned, the 
action of moisture is opposed to that of light, for this incieases 
the rate of side-chain substitution, and the foimer acceleiatesthe 
rate of nuclear substitution ". 

Various explanations have been proposed to account for 

these remaikable phenomena Especially noteworthy aie those 

of Burner, 90 Bancroft, 91 and Holleman q ' 2 The fundamental 

features of these explanations should be noted bnefly, since they 

are to be reconsidered from the electronic standpoint of valence 

Bruner maintains that side-chain substitution is due to 

molecular halogen, while nucleus substitution is effected by 

halogen atoms 01 ions, which lesult fiom the dissociation of the 

halogen molecules The velocity measuiements of Burner and 

Dluska favour this hypothesis, since both side-chain and nucleus 

substitution processes appaiently take place accoidmg to the 

requirements of the equation for a ummolecular change, if the 

concentration of the bromine is small. Foi highei concenti ations 

of bromine the values obtained foi the ummolecular constant 

decrease as the reaction proceeds This is attributed to the 

removal of the active bromine from the solution by the foimation 

of a perbromide (HBr 3 ) 

Earner's idea that nucleus substitution is due to ionic bromine 
is also maintained by Bancroft, who further assumes that nuclear 
substitution occurs when negative bromine ions aie piesent in 
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excess of the positive biomine ions This condition is bi ought 
about piesumably by the paitial combination of positive biomme 
ions with moleculai biomine to form complex positive ions, 
thus 

Br,j = Br+ 4 Br- , Bi 2 + Br+ -> Br., Br I- 

On the othet hand, Bancioft maintains that side-chain substitu- 
tion takes place unclei conditions which tend to yield a piepon- 
deiance of positive biomme ions 

Holleman assumes that side-chain substitution is due to 
moleculai biomine, while nucleus substitution is bi ought about 
by a perbiomide, HBi,, The foimation of these polyhalogen 
compounds is actually favouied by low temperatuie and increas- 
ing concentiation of solution, and these ate the conditions which 
also favour nucleus substitution. 

Notwithstanding the vanous explanations that have been pio- 
posed to account foi the remarkable phenomena encoimteied in 
nucleus and m side-chain substitution, Cohen frankly states/ 13 
" it mitet be confessed that nothing definite zs known about the 
mechanism of the process" In this connection, it may be of in- 
terest to lecall a statement made by Brown and Gibson when 
they foimulated a mle for detei mining whethei a given benzene 
mono-dei ivative will give chiefly a meta-di-deiivative 01 a 
mixtuie of oitho- and paia-di-denvatives They stated that 
their uile is not a law, because "it has no visible lelation to any 
mechanism by which substitution is can led out in one way, 
lather than in anothei way," but, since they found it capable of 
most rigorous application, they concluded that " it must be 
related in some way to a law, and may be of use m guiding us 
to the cause of the formation of meta-cornpounds in some cases, 
and of oitho and paia in otheis". Now the application of the 
electionic conception of positive and negative valences to the 
constituent atoms of the benzene molecule and to the pnnciples 
of the Brown and Gibson uile, not only lendeied possible an m- 
tei pi elation of the rule, but also indicated a mechanism according 
to which substitution must take place in one way rather than m 
another way This was a consequence of the evidence, both 
theoietical and expenmental, that in benzene the hydiogen 
atoms m positions I, 3, and 5 aie negative, while the hydiogen 
atoms in positions 2 } 4, and 6 Relatively speaking) aie positive, 
Accoidmgly, when substituents are of the same sign or polarity 
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they occupy positions which aie meta to each othei, but if two 
substituents aie of opposite sign 01 polaiity they will occupy 
positions either oitho or para to each" othei. The extension 
of these principles, and the electiomc conception of valence to 
the phenomena and conditions of nucleus and side-chain substitu- 
tion may afford not only an explanation of the phenomena, but 
also indicate a possible and a piobable mechanism of the piocess 

A. Nucleus Substitution in Toluene. 

Any interpietation of the action of the halogens upon tolu- 
ene, under the vanous conditions just noted, must take into 
account the following facts (i) The piesence of watei (moisture), 
(2) low tern pei ature, (3) the absence of sunlight (subdued day- 
light or darkness), and (4) the presence of halogen carriers, all 
favour nucleus substitution with the consequent formation of 
o- and /i-chloro- or bromotoluenes. On the other hand, the 
elimination of water, higher temperatures, and sunlight aie the 
conditions which favour side-chain substitution. 

Omitting, tempoianly, the discussion of the action of halogen 
carneis, it is quite impoitant to note that the conditions (i), (2), 
and (3) which favour substitution in the nucleus aie the veiy 
conditions which promote the formation, and conseive the sta- 
bility of, hypochlorous and hypobromous acids (HOX) m which 
the halogen (X) functions positively. On the other hand, the 
conditions which favour side-chain substitution, namely, heat, light, 
and the absence of water, are those which lender hypochloious 
and hypobromous acids unstable and promote then action as 
oxidizing agents These facts are now to be interpieted as 
wai ranting the assumption that substitution in the nucleus m 
the piesence of water (even in minutest tiaces) is favoured by 
the mtei mediate formation of hypochlorous or hypobromous 
acids which on interaction with toluene effect nucleus substitution 
of positive halogen 

It should be recalled, in this connection, that substituted 
halogen may function sometimes positively, sometimes nega- 
tively. For instance, in o- and /-chloio- or bromomtrobenzene 
the halogen atoms are negative, since they are exchanged for 
negative hydroxyl m double decomposition reactions with aque- 
ous potassium hydroxide (K, OH) On the othei hand, the 
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halogen atoms m the w-nitio-compounds are regarded as 
positive foi the following leasons Fust, the halogen atom is 
not exchangeable foi negative hydroxyl Second, it is in the 
meta position to the positive nitio-radical, and, accoiding to 
the electionic foimula of benzene, those substituents which are 
meta to each othei aie of the same sign or polarity. Thud, the 
substitution of halogen in the nucleus is facilitated if the reagents 
aie not anhydious This indicates the possibility of the inter- 
mediate foimation of the hydroxy-halogen acid (HO X) in 
which the halogen (X) is positive Accordingly, the electionic 
equations for the foimation of ?;z-chloro- and ;;z-bromomtiobenzene 
aie lepiesented as follows 



H 



H 



H 



H 



. -L 

+ HO N0 2 -> 



\.'H 

H+ 




_i ^ 

+ H OH 



H + 



X, = 



X + H 



H 



H 






+ H- 




H 



+ HO X 



L 
\> 



The substitution of positive halogen in toluene proceeds in 
the same way, but here the halogen assumes the ortho or the 
paia position with respect to the negative methyl radical as 

follows 



CH, 



H 



H 



-L 

+ HO . X 



H \/ 

H + 



H 




CH, 




J, . 

H OH 



Fuither evidence of the positive chaiacter of the nucleus 
substituted halogen of toluene is shown by an application of the 
electionic conception of valence to the Brown and Gibson rule 
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h 

from which standpoint toluene is a derivative of H CH 3 and 

not HO CH.J Hence substituents oitho 01 paia to the negative 
methyl radical must be positive Moi cover, the substituted 
halogen atoms aie not dnectly exchangeable foi negative hy- 
droxyl and hence aie regaided as positive 

The above conclusions aie dnectly opposed to the assumption 
of Bancioft that nucleus substitution is clue to negative halogen 
The work of Cohen, showing that moisture inci eases both the 
rate and extent of nucleus substitution, also contiadicts Bancroft'b 
assumption, if we admit the interaction of the intermediately 

~_ -I- 

produced hydroxy-halogen acrd (HO X) upon toluene according 
to the above electronic formulae and equations 

B. The Action of Halogen Garners. 

Since water increases both the late and extent of nucleus 
substitution, is it not reasonable to regard water as a halogen 
carrrer ? This pornt of view may throw some light upon the 
action of halogen carriers in geneial in effecting nucleus sub- 
stitution For instance, pyrrdine and iodine chloride may be 
compared to watei in that each contains an unsaturatecl atom 
whrch renders possrble the formation of addition compounds as 
follows 

X 



C,H B N H X X -> C B H B N 

X 

X 



I. _ 

x ^x -> ci i 



Either of these halogen addrtron-compounds may dissociate in 
two ways Consider the pyndme compound 
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(1) CgHflNXX -> C B H,NX | X 

+ - -I- 

(2) C fi H B NXX -> C B H D NX + X 

The pieviously piesented evidence favouis dissociation accoidmg 
to equation (i) since it would account foi the nucleus substi- 
tution of positive halogen Furthei evidence is affoided from 
the standpoint of a companson of the lelative stability of the 
nitiogen halogen linkmgs in. the halogen addition compounds 

- -i 
The pyndinc halogen compound shows the Imkings (N -- X) 

H 

and (N -- X) The formei linking is piesumably the least 
stable and theiefoie moie likely to undeigo dissociation, yielding 
positive halogen This assumption is wananted by the extreme 
instability of compounds embodying this linking Foi example, 
W A Noyes 91 first showed that the halogen atoms in nitrogen 
tnchlonde weie positive and bound to negative nitiogen valences 
This compound is extiemely unstable The substituted nitrogen 

-U 

halides also embody the linkmgs (N --- X) and aie likewise 
veiy unstable, exchanging the positive halogen atom foi positive 
hydiogen of the nucleus thereby developing a more stable linking 



(N -- H) thus 



_L _._!, _-, _L 

HN X HN II HN H 



H 




t 



H 



H 



H 



II 



On the othei hand, the compounds nitiosyl chlonde and biomide 

- + + - H - 

of the foimula O-^=-=N X embody the linking (N -- X) 

- i 

and aie very stable in companson with the previously noted 



compounds containing the (N -- X) linking 



X 



Consideiing the othei typical halogen earner, Cl 1 , it 



X 



138 THE ELECTRONIC CONCEPTION OF VALENCE 

appeals that the linking (I X) is moie stable than (I X) 

This is substantiated by the fact that iodine m iodine chlonde 
and m iodine biornide is positive as evidenced by its interaction 
with potassium hydroxide, yielding potassium hypotodite in 
which the iodine is positive 



\ aK 



H -> K 



1 + K 



H- - - + 



H 



Accoidmgly, the halogen addition compound would maintain 

H" ~~ 
the more stable linking, I X, and yield the positive halogen 

ion as follows 



X 



X 



Cl 



Cl- 



- 4- 



+ X 



X 

From the above points of view the following mechanism, 01 
cycle of changes, will illustiate the pait played by the halogen 
earner in effecting the nucleus substitution of positive halogen 
in toluene R represents any halogen caniei such as watei, 
pyndine, iodine chloride, phosphoi us-, antimony 11 -, and molyb- 
denum-tnhahdes, or any other compound containing an atom 
which m uniting with chlorine or biomme, X 2 , increases its valence 
from (n) to (n + 2) as follows 



X -> X - R - X 



CH, 




CH 



x+ 



CH 




H + 



_R x -> R + H- 
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It should be observed that the halogen acid eliminated 

+ - 

diumg the couise of the substitution is of the type H X, and 

- + 
not H X, the lattei electiomei nevei having been identified. 

If neither oxidation nor i eduction has occuried duimg nucleus 

+ - 
substitution then the elimination of H X is conclusive 

evidence that the substituted halogen atom is positive, the 
leaction having pioceeded as indicated above Halogen cameis 
of othei types may function similarly, i e , substitute positive 

-L 

halogen and eliminate H X 

Any halide functioning as a halogen camei may confoim to 
the above scheme since its halogen atom may be unsatuiated 
and hence combine with other halogen atoms just as the iodine 
atom in iodine chloride lends itself to the formation of iodine 
trichloride 

C. Side-Cham Substitution. 

In what respects does side-chain substitution differ from 
nucleus substitution? It has just been shown that nucleus sub- 
stitution of toluene yields oitho- and paia-halogen substituted 
toluenes in which the halogen is positive, but when side-chain 
substitution takes place experimental evidence shows that the 
substituted halogen atoms aie negative This evidence is as 
follows 

Benzyl chloride, benzal chloride, and benzotnchlonde (or 
bromides) aie leadily hydiolyzed by watei 01 by potassium 
hydi oxide, yielding, respectively, benzyl alcohol, benzaldehyde, 
and benzoic acids. In each of these hydro lyses, chloime (01 
bromine) is replaced by negative hydioxyl, which signifies that 
the substituted halogen atoms of the side-chain aie negative. 
The reaction for the hydrolysis of benzyl chloride, 01 bromide, 
is typical and may be icpiesented by the following equation 

H H 



C fl H 5 C X + H- H - C B H B C H + H X 



H 
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This reaction may be revet sed by the action of hydiogen hahde 

"r * 

(H X) which conveits benzyl alcohol into beii7yl halicle 

This also establishes the fact that halogen atoms substituted in 
the side-chain are negative An mteipietation of these facts 
must con elate the electronic conception of positive and negative 
valences with the conditions under which side-chain substitution 
takes place 

The most significant featuie to be noted is that in nucleus 
substitution the positive hydiogen atoms of toluene aie leplaced 
by positive halogen atoms, which change involves neithei oxi- 
dation noi i eduction But in side-chain substitution, positive 
hydrogen atoms are leplaced by halogen atoms which function 
negatively In othei word 1 ?, side-chain substitution involves 
oxidation and icduction since the carbon-hydiogen linking 
- + + - 

(C H) is changed to a carbon-halogen linking (C X) 

The negative valence of caibon is oxidized to a positive valence 
and this change could not occur unless the substituting agent is 
reduced 

The side-chain substitution leaction, generally lepiesented 
by the equation 

H H 

C B H 5 CH + X 2 -> C 8 H CX H H X, 
H H 

will now be analysed so as to indicate cleaily the oxidation- 
reduction phases of the change (i) The substituting icagent, 
molecular halogen, dissociates yielding positive and negative 

+ 
halogen atoms, X 2 =^ X + X. (2) The negative' halogen atom 

unites with a positive hydiogen atom of the side-chain 
H- + - H + - 

C ( ^ 5 C H + X -> C,H, C(-) + H X 

H H 

(3) The positive halogen atom, under the conditions which effect 
side-chain substitution^ tends to become negative and theieby is 
reduced In other words, it acts as an oxidizing agent accoi ding 
to either of the equivalent schemes, (a) or (&} 

+ 
(a) X ~ X + 2 @ 

+ 

(i) X + 2 -> X 
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t _ 

(4) This conveision of X to X is accompanied by an oxidation 
of the negative valence of the caibon atom of the side chain to a 
positive valence 

H H 

C e H B C(-) + 2 ~* C H B C( + ) 
H H 

(5) The lesultant positive valence of the caibon atom then 

" binds " the negative halogen atom, X 

H - H+ - 

C 8 II B C( + ) + X - C C H, C X 

The piecedmg analysis of side-chain substitution may be 
summarized bnefly as an intiamoleculai oxidation-i eduction 
piocess 

H- + + - II- + + - 

(!) c 6 H C H + X X -> C 6 II. C X + H X 

1-1 H 

H- I- H+ - 

(a) C b H B C X _> C () H B C- 



II H 

Equation (i) shows the substitution of a positive halogen atom 
in the side chain foiming an electromer containing the caibon- 

-L 

halogen linking (C X), but under the conditions which effect 

H- + 

side-chain substitution^ the electiomer C 6 H 5 C X is tians- 

H 

foimed by mtramoleculai oxidation-i eduction to the electromei 
H-|- 

C 6 H 6 C X which embodies the caibon-halogen linking 

H 

+ _ 

(C X) Thus it is evident that both of the pioposed inter- 
pretations are in the end electiomcally identical The remaining 
hydrogen atoms of the side-chain undeigo substitution in the 
same mannei 

Having indicated an oxidation-i eduction mechanism which 
accounts for the substitution of negative halogen in the side- 
chain, it is now desirable to account foi the fact that nucleus 
substitution does not involve oxidation while side-chain substitution 
does 
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It has been observed that the conditions which promote 
nucleus substitution (omitting halogen cairieis which have been 
consideied) are low tempeiature and the absence of sunlight 
These are the conditions which piomote the formation and 
conserve the stability of hypochlorous and hypobromous acids, 
that is, pi event their decomposition as oxidizing agents On 
the other hand, the chief conditions promoting side-chain sub- 
stitution (heat and sunlight) aie the veiy factois which lendei 
these hydioxy-halogen acids unstable and piomote then action 
as oxidizing agents Let us now inqune into the most signifi- 
cant feature of these changes If hypochloious 01 hypobromous 
acids aie heated or exposed to the action of sunlight, oxygen 
is evolved and hydrogen chloride 01 bi oroide is foimed 
(2I-IOX -* 2HX + O 2 ) The halogen in HOX is positive , in 
HX it is negative Hence it follows that heat, and especially 

the photochemical action of light \ effect the conversion of positive 

-i- 

halogen to negative halogen^ thus, X -> X 4- 2 This is the 
oxidation process upon which the elimination of oxygen fiom 
HOX depends. Now the substitution of halogen in the side- 
chain, as described above, is also an oxidation piocess, since it 

+ 
likewise involves the essential change, X -> X + 2, induced 

either by heat or by photochemical action. Thus the conditions 
which favour and promote side-chain substitution are con elated 
with the fact that positive hydrogen atoms of the side-chain are 
eventually substituted by negative halogen atoms, which change 
involves the reduction of positive halogen to negative halogen, 
and the concomitant oxidation of negative valences of the caibon 
atom of the side-chain to positive valences. These bind the 
negative halogen atoms 

In this connection it may be of interest to note and to corre- 
late another of % many reactions m which light changes negative 
valences of carbon to positive valences Euler and Ryd 95 have 
shown that lactic acid under the influence of ultraviolet rays 
evolves carbon dioxide. The electronic interpretation depends 
upon the fact that lactic acid readily yields aldehyde and formic 
acid as follows 
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H 



CH, 



H -*. CH 



+ + 



C -- H |- II 

+ H- 



C -- 




H 



H 

Now in 01 dei that foimic acid, in which thiee of the carbon 
valences aie positive, and one is negative, may yield carbon 
dioxide, in which the four valences of caibon aie positive, the 
one negative valence of carbon in formic acid must be oxidized 
to a positive valence This change takes place when foimic 
acid is catalytically or photochemically decomposed, yielding 
carbon dioxide and hydrogen according to the following elec- 
tronic equation 



H 



+ _ 4 - -{- __ H ^__ + 

H.p n T-T T.T r* r\ 









_ 



+ H 



H. 



Here also the photochemical change is an intramolecular oxida- 
tion-reduction leaction, the electiomer H CO 2 H is trans- 

foimed to the electromer H C0 2 H. Then decomposition 

into carbon dioxide and hydrogen is possible and takes place 
In this chapter some fundamental distinctions between nucleus 
and side-chain substitution have been developed and mterpieted 
in teims of positive and negative valences. A common occur- 
rence, however, should not be overlooked, namely, that in most 
substitution reactions it is piactically impossible so to limit and 
regulate the conditions that the sole reaction taking place will be 
either nucleus substitution or side-chain substitution. In other 
words, the formation of oitho- and para-halogen substituted 
toluenes, in which the halogen atoms are positive, and the in- 
troduction of negative halogen into the side-chain, may proceed 
as simultaneous independent chemical changes. As previously 
noted the former process does not involve oxidation and reduc- 
tion while the lattei does. These facts aie readily correlated 
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with anothei general property chaiactenstic of benzene on the 
one hand, and chaiactenstic of aliphatic hydiocaibons (compai- 
able to side-chains) on the othei hand. Benzene resists oxidation, 
while the aliphatic hydrocarbons and the side-chains are generally 
more susceptible to oxidation 

Finally, it is not impossible to conceive that, undei certain 
conditions, which aie not as yet determined and mterpieted, a 
positive hydiogen atom of the benzene nucleus may be leplaced 
by a negative halogen atom (01 vice versa), which is chaiactenstic 
of side-chain substitution, involving oxidation and reduction 
Such a condition, howevei,does not invalidate the mteipietations 
piesented in this papei, which aie con elated with the expen- 
mental facts, the conditions of substitution, and the chemical 
piopeities of oitho- and paia-halogen substituted toluenes, and 
the side-chain substitution products 

In concluding this chaptei, the relations between the elec- 
tronic mteipietations and the substitution hypotheses of Burner, 
Bancioft, and Holleman should be icconsideied bnefly 

Bruner's idea that nucleus substitution is due to halogen 
atoms, while side-chain substitution is due to molecules, thus, 

C H 5 CHg + aBr - BiC 8 H 4 CH, + HBr, 
C G H 5 CH d + Br 2 -> C,,H B CHjBi I- HBi, 

fails to take into account the fact that nucleus substitution 
(formei equation) does not involve oxidation and i eduction, 
while side-chain substitution (latter equation) does 

Bancroft's assumption that nucleus substitution is due to 
negative halogen atoms is not in agieement with the evidence, 
both theoretical and experimental, that the oitho- and para- 
substituted halogen atoms of toluene aie positive His other 
assumption that the halogen substituted in the side-chain is 
positive is also contradicted by the fact that the halogen atoms 
in benzyl chloride, benzal chlonde, and benzotnchloiide (or 
bromides) are negative, since they are readily exchanged (without 
oxidation or reduction) for negative hydroxyl It is true, how- 
ever, that positive halogen atoms are the active substituting 
agents in side-chain substitution, but only by virtue of their 
oxidizing action and consequent reduction to negative halogen 
(photochemical action) as previously described 

Finally, Holleman has stated " II est d^montre", que 1'hypo- 
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these, suivant laquelle le noyau est attaqu pai des molecules 
HBr w , tandis que la chatne Iat6iale Test pai Ics molecules de 
biome, a quelque viaisemblance , cependant un nombie de 
difficulties doivent encoie etie levies, avant qu'elle puisse seivn 
a expliquer les ph6nomenes obseiv6s" The veiy plausible m- 
teipietalion of the nucleus bi emulation of toluene tluough the 
action of the intermediately foimecl HBi w , may be leachly coi re- 
lated with the mteipictation of nucleus substitution, and the 
action of halogen caineis as presented m this chaptei, provided 

Br 

+ _ + 
HBi w , be legal ded as H Bi But Holleman's idea of side- 



Bi 

chain substitution is subject to the cnticism that it also fails 
to lecogmze the side-chain substitution piocess as an oxida- 
tion and i eduction phenomenon depending upon the icaction, 

,i 

X ~ X + 2, previously considered 



10 



CHAPTER XVI 

" FREE RADICALS" THEIR EXISTENCE AND PROPERTIES 

RADICALS are conceived to be groups of atoms which function 
as single atoms in chemical leactions and, accoidingly, pieserve 
then composition 01 constitution thioughout chemical changes 
The histoiy of Chemistiy affoids many instances of attempts to 
isolate radicals, i e , to piepaie "fiee ladicals" As early as 
1834 Liebig 90 suggested the possibility of isolating, and seriously 
attempted to piepaie, fiee ladicals In 1839 Lowig 07 claimed 
to have effected the separation of the radical ethyl, C 2 H 5 An 
histoiical review of these vanous attempts, chiefly failuies, would 
constitute an interesting chaptei, the culmination of which, 
however, is found in the iccent woik of Gombeig, 98 who, un- 
doubtedly, Has isolated free radicals, notably in the foim of the 
tuarylmethyls 

The tnarylmethyls aie regarded by many to be compounds 
of tervalent carbon Schlenck's discovenes," by means of mole- 
cular weight determinations, that some of the tnarylmethyls aie 
laigely mono-moleculai (for instance, tri-$z-phenylrnethyl was 
found to be entirely mono -molecular) leads, as Gombeig has 
emphasized, to but one inference, namely, that these compounds 
exist as free radicals, i e , they are compounds of the tervalent 
carbon atom of the general foimula (R) 3 = C 

The present chapter offeis an interpretation of the existence 
and properties of free radicals in teims of the electronic con- 
ception of positive and negative valences which leveals the 
existence of many significant relationships that aie appaient 
in electiomc formulae but that cannot be found in oidmary 
structural formulse. The pnnciples developed in Chapter IV, 
Electronic Amphoterism, and especially those of Chaptei V , The 
Nascent State, are both essential and fundamental to an ap- 
preciation of the interpretations piesented in this chapter 

Particular attention should be redirected to the fact that all 

146 
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the chemical actions classed as "nascent" aie of a leduction 
01 an oxidation type, and that the so-called tf nascent state " is 
conceived to be an unstable condition of a substance which mani- 
fests (under certain conditions] an adaptibihty and a tendency to 
lose elections, or gam elections, and thereby revert to a more stable 
condition If the substance (ton, atom, or molecule} loses negative 
elections, it acts as a reducing agent If it combines ^mth negative 
electrons, it acts as an ovidixmg agent 

Fiora the point of view embodied in the above definition, the 
present chaptei will endeavoui to show that free radicals such 
as the tnai yl methyls, aie cofnpaiable m many lespects with the 
electncally neutial atomic state, and that then instability, 01 re- 
activity, and gcneial chemical piopeities may be mterpieled 
by then development of positive 01 of negative valences thiough 
the loss 01 gain, i espectively, of negative electrons In othei 
woids, the tnaiylmethyls may act eithei as reducing 01 as 
oxiduing agents Furtheimoie, in explaining some of the 
reaiiangement icactions pecuhai to ti iphenylmethyl, the elec- 
tionic foimula of benzene will be shown to play a significant 
pait 

Consider, first, the leaction for the piepaiation of ti iphenyl- 
methyl Gombeig 100 submitted tuphenylchloio methane to the 
action of metals, notably silvei, with the full expectation that 
the reaction would proceed noiraally and give lise to hexaphenyl- 
ethane 

(C,,I-I 5 ) 8 CC1 Ag (C 6 H B ) 3 C 

I- - sAgCl + | 

(C 6 H B ) 8 CCI Ag (CH B ) 8 C 

He obtained "a hydrocaibon possessing the requisite composition 
(C = 93 8 per cent, H = 6 2 pei cent) But the unusual 

instability of this substance, its pi oneness to entei into the most 
vaned chemical leactions, and above all, its striking unsatuiated 
charactei, piecluded the natuial inference that the hydiocaibon 
at hand was actually hexaphenylethane The opinion was ex- 
piessed that heie was an instance of a compound with one atom 
of caibon in the tnvalent state, i e,, (C H 6 ) 3 C, tnphenyhmthyl, 
a fiee ladical " Now it may be shown that the, electronic inter- 
pretation of the action of silver upon tnphenykhloromethane also 
substantiates the assumption of the existence of the free radical 
as a compound of tervalent carbon. 
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Triphenylchloro methane presumably possesses the abbievi- 

+ - 
ated electronic foi mula l (C fi H 5 ) 3 C -- Cl. Its aqueous solution 

is a conductoi of the electnc curient depending upon ionic 
dissociation 

(c fl H 8 ),c^-lci ^ (C 8 H B ),c + ci 



Furthermoi e, its hydrolysis confoims to the equation 

+ -- + - + - + - 

(C s H B )jC Cl h K OH -> (C H 5 ) 3 C OH + K Cl, 

Metallic silvei (with zero valence) in older to combine with 
negative chloime, must itself develop a positive valence, ie, it 
must become positively umvalent thiough the loss of an election 

+ 
Ag -> + Ag Accoidingly, the electiomc scheme for the 

action of silver upon tnphenylmethylchlonde is lepiesented as 
follows 

(C 6 H B )^C - Cl ^ (C 6 H 6 ) 3 C + Cl 

+ 

&gf ~: ( \ 4. Apr 

"5 ^^ \^/ ~ **& 

I | 

(C 8 H B ) 3 C Ag Cl 

It should be observed that the methyl carbon atom in the 
triphenylmethyl ion is quadrivalent, but the free positive valence 
of this ion is obliterated by the acquisition of the negative 
electron from the metallic silver In othei words, silver has 
reduced the quadrivalent methyl carbon atom to the tervalent 
state, yielding triphenylmethyl 

The possible leaction of two electrically neutral molecules 
of triphenylmethyl to form hexaphenylethane is exactly parallel 
to the reaction of two electrically neutial hydiogen atoms to 
form molecular hydrogen The reaction depends upon one of 
the atoms, or free radicals, losing an electron which is acquned 
by the other atom, or free radical, respectively. Combination 
of the resulting oppositely charged atoms or radicals occurs 
simultaneously as indicated m the following scheme 



the equally applicable " qumocarbomum formula" in a ktei section of 
this chapter, p 161 
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+ \ 

. _> H H = H , 



H -> @ -(- 

(C fc H B ),C -t + (C b H 8 ; 

{C 6 H B ),C C(C B H B ), 

(C B H B ),C + 

The following piopeities of tiiphenylmethyl will be con- 
sideied. (A) oxidation, (B) addition of iodine, (C) addition of 
hydiogen, (D) leaction with nitrogen dioxide (or tetroxide) , 
(E) addition of xylene , (F) action of acids , (G) action of light , 
(H) elect! ical conductivity of tnphenylmethyl when dissolved 
in liquid sulphui dioxide, based upon the analogous conductivity 
of sodium dissolved in liquid ammonia 

Gomberg has frequently called attention to the fact that 
triphenyl methyl behaves in some reactions as if it were an 
element of basic natuie This is particulaily so in its reactions 
with oxygen and with iodine This behaviour, fiom the elec- 
tionic standpoint, may be attributed to the tendency of the 
tervalent caibon atom to become quadrivalent, i e , to develop a 
positive valence thiough the loss of an election in just the same 
way that metallic silvei or sodium develops a positive valence 

Na > Na + 
+ 

rt~\ ft \ n -. /r* TT \ f i /"""N 
l L '6 U B/3^ ""* mj^cJj^ "i" \3/* 

The striking similarity of tnphenylmethyl to sodium is 
shown in the icactions of each with (A) oxygen, and (B) iodine 

A. Oxidation 

On exposure of a concentiated solution of tnphenylmethyl 
in benzene (10 pei cent.) to an, a colouiless fairly stable per- 
oxide, {(C fi H 5 ) 3 C} i jO 2) is formed Sodium and oxygen combine 
at tempeiatmes below 180 yielding a mixtuie of sodium oxide 
and pei oxide As the tempeiatme is laised the quantity of 
pei oxide increases. At 300 sodium peroxide is the principal 
product Now metallic sodium possesses neithei positive nor 
negative valences, but m its oxide and peroxide sodium is pre- 
sumably positively univalent, since these oxides on hydiolysis 
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yield sodium hydi oxide, Na OH Accordingly, the complete 
electronic scheme foi the foimation of sodium pei oxide may be 
lepiesented as follows 



2Na 



I 

i - 



Na O 



'2 



aNa 



z P) + O 







Na Na 

The paienthetical part of the scheme involves the reduction of a 
positive valence of oxygen to a negative valence by the action 
of the electrons fiom sodium The sodium atoms, thus becoming 
positive, unite with the negative valences of the oxygen atoms 
In a perfectly analogous manner tnphenylmethyl unites with 
oxygen, thus 

2 (C 8 H B ),C + o a -* (C 6 H 5 ),C 



a(C 6 H B ) 4 C 



(C H B ),C O 



-I- 

(C 6 H B ),C 



B. Addition of Iodine. 

The combination of either sodium or tnphenylmethyl with 
iodine is also an oxidation-reduction leaction Gomberg 101 has 
shown that tnphenylmethyl may be titrated with a standaid 
solution of iodine Tnphenylrnethyhodide is foirned The 
iodine in this compound is negative since it is replaced by 
negative hydroxyl on hydrolysis The iodine atom in sodium 
iodide is also negative since the aqueous solutions yield the ions 

+ 

Na and I Accord mgly, the electronic schemes for the com- 
binations of sodium and of tnphenylmethyl with iodine (i e , then 
oxidation by means of iodine) are represented as follows . - 



2Na 



+ 
aNa 
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+ ! 



-> 



I 



+ 
I h 



I) 



-4- T - 

2 Na 1 



In the paienthetical pait of the scheme the elections fiom sodium 

i educe I to I In the following scheme the elections fiom tn- 
phenylmethyl accomplish a like change 

ntr* T-T \ r\ i T r*tn- TT \ /~*T 

3 ( ( -b H B)^ + 1, -> 2(^1-1 ^^L 



J_ iirn 

I + I) 






C. Addition of Hydrogen, 

In the piecedmg leactions (i) and (2), the tervalent methyl 
caibon atom of tnphenylmethyl functioned as a leducmg agent 
by losing an election, and thereby becoming quadrivalent through 
the development of a positive valence On the othei hand, when 
tnphenylmethyl combines with hydiogen, the methyl caibon 
atom becomes quadrivalent through the acquisition of an election, 
i e , the development of a negative valence In this icspect, tn- 
phenylmethyl may be said to icsemble ceitain non-metals 

Pieviously it has been noted that only negative hydiogen (H) 

or neutral hydrogen (H) acts as a i educing agent H -> H + , 

+ 
H -> H + Positive hydrogen does not act as a i educing 

agent because the fuithei loss of an electron would lender 

+ + + 
hydrogen bivalent, an unknown condition H - H + Hence, 

the interaction of the electncally neutial tnphenylmethyl and 
neutial atomic hydiogen is peifectly analogous to the union of 
chlorine and hydiogen atoms 

H i ci -> HCI 



H + + Cl -> H r 



Cl 



Atomic hydrogen reduces atomic chlorine to negative chloime, 
01, in equivalent terms, atomic chlorine oxidizes atomic hydiogen 
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to positive hydrogen In the following scheme, atomic hydrogen 
reduces the tervalent methyl caibon atom, which, acquiring a 
negative valence, becomes quadnvalent in triphenylmethane 

H + (CfcHjjC ~> HC(C 6 H S ), 
I 

H + + (Cy-InhC -> II C (CflH,), 

D. Reaction with Nitrogen Dioxide (or Tetroxide). 

Schlenck and Man 102 found that mtiogen dioxide on intei- 
action with ti iphenylmethyl yielded simultaneously two products 
as indicated in the equation 

3 (C 9 H e ) J C + 2N0 2 (or N 3 4 ) -* (C B H B ),C N0 2 + (C 8 H B ),C ONO 

(tnphenyl- (tnphenyl- 

nitiomethane) methylmtnte). 

In the electronic interpretation of this mteiesting reaction, 

the foimei compound must be regarded as a derivative of nitric 
_ + 

acid, HO NO 2 , the latter, a derivative of nitious acid, 

+ - + - - + 
H NO 2 , or H O NO The key to the interpretation 

is found in the fact that nitrogen teti oxide is hydiolyzed by 
water yielding nitnc and nitious acids The following scheme 
takes into account the tautomeiic foimulae of N a O d , to which 
correspond the tautomeiic foims of nitious acid 
o o o 



-N==0 =h 0==N O N= 



H 2 O = H H H O H 



HO N0 2 + H N0 2 HO -N0 8 + H O NO 

Each of the five valences of the mtiogen atom in nitric acid 
is positive, but m nitrous acid four are positive, and one is 
negative. Hence, m the tautomei H O N = O, nitrogen is 
tervalent since one positive and one negative valence are polarized 
Note also that one mtro-iadical functions positively, while the 
other (eithei NO 2 or ONO) functions jiegatively Therefore, 
when one molecule of tnphenylmethyl loses an electron and 
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functions positively, anothei molecule of tnphenyl methyl acqunes 
that election and functions negatively Consequent union of 
negative tiiphenylmethyl with the positive mtro-iadical yields 
tiiphenylmtiomelhane, while union of positive tnphenylmethyl 
with the negative mtio-iadical yields tiiphenylraethylnitnte 
These changes aie indicated as follows 

a(C 6 H,) J C -* (C 6 H B ),C + (C G H B ) 3 C 

+. _ 

N 2 4 = 2NO 2 -> N0 2 + N0 a or ONO 
^ "a 

(C 6 H B ),C N0 2 (C 6 H,)C N0 2 or (C e H B ),C -ONO 

It should also be noted that, depending upon conditions, the 
dissociation of nitrogen teti oxide may proceed either lonically 

01 moleculaily In aqueous solution, the dissociation is pie- 

+ - + 

sumably ionic, N 2 4 = (NO 2 ) (NO 2 ) ^ NO 2 + N0 2) since 

hydiolysis yields mine and mtious acids as indicated above 
But when nitiogen teti oxide is heated to 140, its density corie- 
sponds to the dioxide formula Is it not possible that NO 2 , 
m which nitrogen is quadrivalent, exists as a fiee radical just as 
(C B H 6 )jC is a fiee ladical m which carbon is tervalent? Oi, is 
not the dissociation of associated tnphenylmethyl (hexaphenyl- 
ethane) exactly paiallel to the dissociation of associated nitrogen 
dioxide (nitrogen tetroxide)? This is quite evident from the 
following equilibria - 

_t ^ 

(C 8 H B ) 8 C C(C G H 8 ) 3 = (C H 8 ),C- C(C 8 H B ) 3 ^ (C 8 H 8 ),C + (C 6 H 8 ),C 

+ - 
N 3 4 = (NOg) (N0 a ) ^ N0 2 + N0 2 

In each of the above non-ionic dissociations, the positive 
ladical becomes neutral, or is reduced to a free radical, through 
the acquisition of an electron fi om the negative radical which is 
thereby also lendeied neutral, i e , it is oxidized to a free radical 

These points of view may be summarized as follows In 
+ _ -|. 

ionic dissociation (A B == A + B) the atoms 01 radicals 

maintain then lespective chaiges In molecular dissociation 

i , m 

(A B =s A + B) the atoms or ladicals become electrically 

neutral thiough the tiansfeience of electrons from the negative 
ladical to the positive ladical Thus, free ladicals are formed, 
and their activity is a factor of their further tendency either to 
gam 01 lose elections. In electtomc tautomerism 108 
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+ - - + 
(A B == A + B ^ A B) 

a fuither transference of elections icveises the polarity of the 
constituent atoms or radicals, and in this change the intei mediate^ 
electrically neutral atoms or molecules (A and H] are essentially 
free radicals These points of viezv serve to emphasise the defini- 
tion of a free radical as an electiically neutial atom or molecule 
which is capable of developing either positive or negative valences 
depending upon certain conditions which effect the loss 01 gam of 
electrons 

In the following mterpietations of (E) the addition of xylene, 
(F) the action of acids, and (G) the action of light, the electronic 
formula of benzene plays an essential pai t 

E. Addition of Xylene. 

Wieland and Muller 104 found that the heating togethei of 
tnphenylmethyl and xylene yielded dimethylteti aphenyl methane 

2 (C 6 H 5 ) 3 C + C 6 H 4 (CH,) 2 = (C 6 H 8 ),C C 6 H 8 (CH,), H (C 6 H B ),CH 
They mteipreted the icaction as proceeding in two stages fust, 
the union of two molecules of tnphenylmethyl with one molecule 
of xylene , second, the elimination of one molecule of tnphenyl- 
methyl with a hydiogen atom of the benzene nucleus These 
reactions aie indicated in the following scheme which ernploys 
centric formulae 



CH, 



CH. 



H 



H- 




\ 



-H 



H 



+ 3(C 6 H B ) 3 C 



_/\/C(C fl H B ) 3 

/C(C,H B ), 
/ -H 



CH, 



CH, 



H 



H 
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H 



CH, 
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Eveiy detail of this scheme may be con elated perfectly with 
the electronic foimula of benzene, and with the previously de- 
sciibed mechanism of substitution involving the centnc valences 
of the benzene nucleus It has been shown that, as a general 
mle, when hychogen atoms 01 substituents in positions I, 3, and 
5 aie negative, hydiogen atoms 01 substituents in positions 2, 4, 
and 6 aie positive, and vice versS. Furthermore, the polarity 
of a centnc valence of a given carbon atom of the benzene 
nucleus was shown to be opposite in sign to the polarity of the 
hydrogen atom 01 substituent united to that caibon atom Now 
the capacity of the methyl carbon atom of tuphenylmethyl to 
develop either a positive or a negative valence has been demon- 
strated in preceding paragraphs Accordingly, the addition of 
two molecules of tuphenylmethyl to two of the centnc valences 
of the nucleus, depends upon one molecule of triphenylmethyl 
functioning positively while the othei molecule functions nega- 
tively The electronic mterpietation of the interaction of tri- 
phenylmethyl and xylene is embodied in the following scheme 




CH. 




c(ca 



H 



From the above it is evident that the interaction of tri- 
phenylmethyl and xylene is not, strictly speaking, an addition 
reaction, but rather a substitution reaction conforming to, and 
theicby substantiating, not only the mechanism of substitution 
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presented m previous chapters, but also the capacity of triphenyl- 
rnethyl to function as a positive ion and as a negative ion. 

In considering (F) the action of acids, and (G) the action of 
light upon tnphenylmethyl, the electronic foimulae of the benzene 
nuclei of tnphenyl methyl are involved The phenyl radical is 
commonly spoken of as being negative in character, but if two 
phenyl radicals are united directly, as m diphenyl, the electiomc 
conception of valence icgards one phenyl as negative while the 

+ - 
other is positive (C 6 H 5 ) (C b H 5 ) Now tnphenylmethane is 

generally made, either fiom benzal chloiide, 01 from chloroform, 
thiough replacement of chloime by phenyl Hydrolysis of 
either of these halogen compounds by potassium hydroxide 
effects the replacement of chloime by negative hydioxyl From 
this standpoint, the chlorine atoms function negatively, and then 
replacement by phenyl radicals would indicate that the latter 
are also negative in tnphenylmethane, and in tuphenylmethyl 
Hence the electronic fbimula foi tnphenylmethyl, m which the 
valences of only one of the phenyl groups need be indicated, is 
as follows 



O 



- ++ - 






O 



H- 



-\^_ 

y~ 



-H 



H 



It should be observed that the hydiogen atoms in the ortho- 
ind para-positions are negative The tendency for negative 

hydrogen to lose an electron and become neutral (H - + H) 
and the further tendency for neutral hydrogen to lose an election, 

+ 

md become positive (H -> + H) has been considered pre- 
viously m connection with various reactions and interpretations, 



t 
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Therefoie, it may naturally be assumed that the negative hydrogen 
atoms of the benzene nucleus are possibly less stable, m the 
above sense, than the positive hydrogen atoms Moreover, if 
we considei, foi example, the negative paia-hydiogen atom in 
the above foimula of tnphenylmethyl, what would be the im- 
mediate consequences of its becoming neutial through the loss 
of an election? The positive valence of the para-caibon atom 
would be obliteiated (neutiahzed or polarized) by the negative 
electron fiom the paia-hydiogen atom In other words, the 
paia-caibon atom would be reduced to the teivalent state, and 
the resulting neutial hydiogen atom would be free or dissociated 
But its fuithei tendency to lose another election and thereby 
become positive might naturally lead to its immediate attachment 
to the unsatuiated bivalent methyl-carbon atom which would 
develop a negative valence thiough the acquisition of the electron 
fiom the neutial hydiogen atom, and theieby hold m combina- 
tion the lesullmg positive hydiogen atom These changes (m- 
tramoleculai i eai rangements) are illustrated m the following 
scheme 

Formula I 

H H 

/ /\~7\ 
(C 8 H 



(C 8 H e ) 




H 



Formula II 
H H 



=s C 



; W 

I 1 H H 

This scheme, based upon the tendency of negative hydrogen 
to function positively, affords both an explanation and a 
mechanism of the wandering of the para-hydrogen atom to the 
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methyl caibon atom, and also shows how the para-caibon atom 
in foimula I for tnphenylmethyl is lendeied tervalent in the 
taulomenc modification of formula II In other words, the 
methyl caibon atom of tautomei I is tervalent, the paia-caibon 
atom of tautomei II. is tervalent The existence of tautomei II 
leadily lends itself to, and is the essential featuie of, the follow- 
ing mteipietation (F) of the action of acids upon tnphenylmethyl 

F. Action of Acids. 

Concerning the action of acids upon tnphenylmethyl, Gom- 
berg states that " Hydrochlonc acid, and undoubtedly other 
acids, exeit a peculiar catalytic influence upon tnphenylmethyl 
The unsatuiated, unstable hydiocaibon is thus converted in the 
presence of small quantities of acids, into an isomeiic stable 
hydiocaibon. This hydiocaibon was first piepaied by Ullmann 
and Borsum, directly fiom tnphenylchloiomethane, and later by 
the wntei fiom tnphenylmethyl as mentioned above It was 
first taken foi the tiue stable hexaphenylethane But Tschitschi- 
babm definitely proved its constitution to be that of /-benzyl- 
hydiyltetraphenylmethane The real rangernent takes place 
thus 

2 (C G H 6 ) 3 C -* (C H B ) 2 CH-<^)-C(C B H B ) 8 " 

This reaction is leadily inteipieted by the existence of 
tautomei II (see piecedmg scheme) in which the para-carbon 
atom of one of the phenyl radicals is in the tervalent state 
The union of this carbon atom of tautomer II with the teivalent 
methyl caibon atom of tautomer I would naturally take place 
because the para-carbon atom originally possessed a positive 
valence, and, therefore, tends to lose an electron, and thus again 
develop a positive valence In turn, this electron would be 
taken up by the unstable tervalent methyl-caibon atom of 
tautomer I Combination of the resulting oppositely chaiged 
tautomers would then yield parabenzhydryltetraphenylmethane 
accoiding to the following scheme 

(C 6 H S ) 2 = c <^>C -> + (C B H B ) S = c 

H 

(C 8 H D ) 3 C + Q -> (C 8 H B ) 8 C 

(C 6 H 5 ) 2 = C <d> -C(C 6 H B ), 

H 
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G. Action of Light. 

Concerning the action of light, Gombeig has stated that 
"Solutions of tnphenyl methyl in benzene aie quite susceptible 
to light, especially cluect sunlight Like most photochemical 
piocesses of this type, the leaclion in this instance also is auto- 
oxidation and i eduction Schmidlin showed that the following 
icaction takes place 

C 6 H,\ 

3(C G H 8 ) J C -> 2(C B H D ),CH + I >C-C H 5 " 

CJ-I/ 

Schmidlin, ir> employing bi-moleculai foimulse, has presented 
the following scheme foi this leaction 



IP 

t 4(C B H 6 ) 3 C 



<zx 

"\ 

r / 





C 
\ 



N / . C 6 H B 

Ox 

v_/ 

0/4 -N 



+ 4(CH B ),CH, 



and he states that " das leicht dissoznerbaie Hexaphenyl-athan 
wild duich das Tnphenylmethyl zum schwer dissoznerbaren, 
eneigieaimen Di-biphenylendiphenyLithan leduziert" 

Now the electionic foimula foi ti ipheny Imethyl icadily lends 
itself to an inteipietation of this hitheito unexplained leaction 
Fiifat, it should be observed that not only the hydiogen atoms in 
the paia-positions to the attachment of the methyl carbon atom, 
but also the oitho-hydiogen atoms, aie negative On the other 
hand, the methyl hydiogen atom of tnphenyl methane (one of 
the leaction pioducts) is positive Theiefoie, the auto-oxidation 
and reduction effected by light involves the transition of negative 
hydiogen atoms from the oitho-positions to the unsaturated 
methyl carbon atom of tnphenyl methane. Here again the 
relatively unstable negative oitho-hydiogen atoms first become 
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neutral, H - H + Q, and the negative electron obhteiates the 
positive valence of the oitho-carbon atom thus making it tei- 
valent The neutral or fiee hydiogen atom becomes positive 

+ 
through the loss of an election, H > H + , which lendeis the 

unsatuiated methyl caibon atom of ti iphenylmethyl negative 
Union of negative tnphenylmethyl with positive hydiogen then 
yields tnphenyl methane, and the union of the oitho-teivalent 
carbon atoms, by the transfer of an election from one to the 
other, completes the foimation of biphenylenediphenylethane 
Employing the briefer ummolecular formulae, the electionic 
intei pretation is embodied in the following schemes (i) and (2) 
The first shows the effect of the conveision of the ortho-negative 
hydiogen atoms to the free or neutral state, and the union of the 
resultant oitho-teivalent carbon atoms, which icaction is an 
intramolecular oxidation and reduction The second shows the 
reducing action of the neutral hydiogen upon tnphenylmethyl 
yielding tnphenylmethane 



w 




C CH-2H + 

6 S 




c <i H . 




(2) 



2H 



>2O + 2H 



r 

Thus the action of light m this paiticular instance involves 

+ 

the change, H -> H + 2 In this connection it may be of 
interest to recall that in the piecedmg chapter the action of light 
m effecting nucleus substitution in the sidecham was shown to 
involve the conversion of positive halogen to negative halogen, 

Cl -> Cl + 2 These processes are analogous in that each 
involves auto-oxidation and reduction. 

H. Electrical Conductivity. 

Gomberg found that the triarylmethylhahdes behaved truly 
like salts in that they manifest molecular conductivities which 
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inciease with the dilution He states "It was thus definitely 
established that theie aie 'carbomum' salts in the tine sense 
of the definition applied to salts The conclusion was diawn 
that the basic piopeities, by viitue of which the salt foimation 
occuis, icside in the cential methyl carbon atom " This con- 
clusion is still held by some, but Gombeig latei gave up this 
interpolation, piesenting evidence which favouied the quznol 
hypothec Accoidmgly, he states that "since the manifestation 
of coloiu and the salt-like propeities of these substances are 
simultaneous, the conclusion seems warranted that both these 
phenomena aie the results of one and the same cause, i e , lauto- 
menzation to the quinoid state Consequently, these salts weie 
named qiunouirbomum salts conesponding to the qmnocarbomum 
base 



(C B H 6 ) 8 C OH (C 8 H S ) 2 = C = 

\=/ \OH 

(Carbmol, faeutlo-ban) (Qmnocarbomum base) 

"Foi obvious reasons, the basicity was now assumed to lie 
in the quinone nucleus, in the C* and not in the central carbon 
atom as had been originally supposed " 

Fiom these two points of view, tnphenylmethylchloride (or 
othei halides) may be represented electiomcally as carbomum or 
qu mo carbo mum salts by the respective form LI 1 32 



4- - 

(C (i H ),,C - X (C G H 5 ) 8 = C = 



\= 



Since hydiolysis with potassium hydroxide yields potassium 
hahde and the base, it follows that the ti iphenylmethyl ion 
(either foimula) is positive This bungs us to consider the 
" unexpected discoveiy that tnphenylmethyl itself behaves like 
an electiolyte when dissolved m liquid sulphui dioxide," 1013 and con- 
cerning which Gombeig has taised the question in these words 
" How is this stiange phenomenon, a hydrocarbon behaving like 
an electiolyte, to be accounted foi ? Seveial explanations have 
been offered, but none of these is entirely satibfactoiy " 

Now since tnphenylmethyl has been shown to act similarly 
to metallic sodium in several icactions (notably Section A and 
B of this chapter) for which the electronic interpretations were 

+ 

based upon the parallel tendencies >Na -> Na + , and 

ii 
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+ 
(C 6 H 5 ) 3 C -> (C 6 H 6 ) 3 C + is it not possible that the electrical 

conductivities of sodium in liquid ammonia, and triphenyhnethyl in 
liquid sulphur dioxide, are perfectly analogous phenomena inter- 
pretable in similar terms ? 

An explanation of the conductivity of sodium in liquid 
ammonia solution will be considered first. Cady, 107 and latei 
Franklin and Kiaus, 108 found that when sodium was dissolved 
in liquid ammonia, the solution was a good conductoi, but thei c 
was no visible separation of any products of electrolysis at the 
electrodes > neither were there any signs of polarisation Since 
conductivity presupposes the existence of positive and negative 
ions, pei haps the simplest explanation of the formation of ions 

-i- 
m this case depends upon the change, Na ~ Na + , which at 

once accounts foi the positive ions But what disposition is to 
be made of the negative electron? What is its function? The 
nitrogen atom m ammonia is tervalent but is legaided as un- 
saturated since it possesses potentially one fiee positive and one 
free negative valence as evidenced by its combination with watei 

(H OH) or hydrogen halide (H X) 



NH 3 = H 3 N 



Hence, it may be assumed that the negative election (from 
sodium) neutralizes 01 polanzes the potential positive valence of 
the nitrogen atom of ammonia theieby developing a negative 
valence 

+ 

Na ~> Na + Q , 

NH 3 (= H 3 N) + ~> NH 8 

In other words, the ammonia molecule is converted into a 
negative ammonia ion With positive sodium ions and negative 
ammonia ions, conductivity is leadily explained. Sodium ions 

+ 

are discharged at the cathode (Na + -+ Na) and the liberated 
metallic sodium immediately dissolves and reionizes in the liquid 
ammonia The negative ammonia ions are simultaneously dis- 
charged at the anode with the immediate regeneration of mole- 
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cular ammonia (NH 3 + ~> NH 8 ). This scheme not only 
accounts foi (l) the conductivity, but also explains (2) the 
absence of products of electrolysis at the electrodes, and (3) non- 
polarization 

Other facts will now be considered which substantiate the 
preceding explanation One of the difficulties encountered In 
conductivity measurements on solutions of sodium m liquid 
ammonia is the marked decrease in concentration of sodium 
tmough mtei action of solute and solvent forming sodamide and 
hydrogen 

aNa + 2NH 3 - aNa NH 2 + H 2 

What is the mechanism of this leaction? The existence of the 

-f 
lons, Na and NH 3 , affoids a logical interpretation Correspond- 

ing to the ions m a given solution, there is always the possibility 
of the existence of some undissociated molecules. In this 

4. 

instance, union of the ions, Na and NH 3 , would yield the 
molecule, sodium ammonia, Na NH 3 , the complete electronic 
foimula being 

H 



Na - N - H 



H 

It is at once evident that this compound is exceptional in 
that its nitrogen atom is quadrivalent Let it now be recalled 
that just as carbon is teivalent m (C C H 5 ) 3 C, so mtiog-en was 
shown to be quadrivalent in NO 2 , and each of these compounds 
may be regaided as a free ladical Their leactivity was ex- 
plained by the abnormal valence of the carbon and nitrogen 
atoms and their tendencies to revert to the normal valence by 
gam or loss of electrons In the same sense, the above sodmm- 
ammoma compound may be regarded as a free radical an un- 
stable compound containing quadrivalent nitrogen * Greater 

* This conception of a free radical embraces the interesting and significant 

organic amalgams prepared by McCoy and Moore 109 tor example, tetramethyl 

ammonium amalgam was prepared by the electrolysis of cold alcoholic solutions of 

tramethyl ammonium chlonde using a mercury cathode. In this reaction, the 
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stability would ensue if the nitrogen atom became teivalent 

through the loss of an electron , and, if one of the H atoms 
acquires this election, that hydrogen atom would be rendered 
neutial, le, fiee or dissociated, arid sodium amide would be 
foimed. Combination of hbeiated hydiogen atoms yields 
molecular hydrogen The complete electronic scheme for the 
formation of sodium and ammonia ions, molecular sodium 
ammonia, and sodium amide and hydiogen, is as follows 

H 
+ ^ 

Na -> 




-> Na- 



i 

N H 



H 



+ - 
+ H (aH = H 2 = H H) 



H 



tetramethyl ammonium ion (in which nitrogen is qmnquevalent) loses its positive 
chaige or valence whereupon the nitrogen atom is rendered quadrivalent, 



(CH 3 ) 4 N + 



>-(CH,) 4 N 



(dissolved in Hg) In other words, tetramethyl ammonium, (CH 3 ) 4 N, is a free 
radical m the same sense that N0 2 and NaNHj are free radicals Each is a com- 
pound of quadrivalent nitrogen The instability or reactivity of tetramethyl ammonium 
is due to the tendency of its nitrogen atom to develop a positive valence through 
the loss of an electron This explains its vigorous reaction with water yielding 
tetramethyl ammonium hydroxide and hydrogen 



(CH 3 ) 4 N 
H OH 






OH 






(CH^N OH H (aH = H 2 



McCoy and Moore state that the tetiamethyl ammonium ladical acts on solu 
tions of copper and zinc salts, replacing these metals in the salts and setting free 
the metals themselves. The electronic scheme is as follows 



2 (CH 3 ) 4 N 



2 (CH S ) 4 N 



Cu + 2 P) 



Cu 



These reactions show the striking analogy existing between fiee radicals and 
metals, their behaviour being identical m many instances 
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Fiu then evidence foi the existence of the sodium-ammonia 

-4., 

compound foimed by the union of the ions Na and NHj is 
affoided by the woik of Joanms 110 showing that m solutions of 
bodium in liquid ammonia, two molecules of sodium unite with 
two molecules of ammonia foimmg Na 2 N 2 H 6 . This is leadily 
explained by the existence of the fiee radical, Na . NH 3 , in 
which nitiogcn is quachivalent The tendency foi two such free 
ladicals to associate would lead to the foimation of Na 2 N 2 H 6 
accoiding to the following scheme 



Na NH. 



I- - + 
Na- Nil, -~> + Na- NH 8 , 

, _ _ - - = Na 2 N 2 H fl 

Na- NH, + P) -> Na NH, ' + 



NH 



The above leaction is exactly paiallel to the union of the 
two free ladicals, mtiogen dioxide, to foim nitrogen teti oxide 



N0 2 



^ 
N0 2 -> -1- NOJ + 

I -> 
NO U -( --> NO.J NO,, 

01 to the union of two fiee ladicals of tiiphenylmethyl to form 
hexaphenylethane as pieviously descubecl 

Having shown that the conductivity of solutions of sodium 
in liquid ammonia may be explained by the existence of the 

teL M| 

ions, Na and NH a , and that then union yields the fiee radical 
Na . NH 3 , the instability of this radical in turn explained the 
foimation of NaNH a and of Na 2 N a H The quadiivalent nitrogen 
atom m Na . NH 3 became tervalent in foimmg NaNH 2 , and 
qumquevalent in the compound NagNalifl The conductivity of 
solutions of tnphenylmethyl in liquid sulphui dioxide may now 
be considered. 

The tnphenylmethyl molecule is conveited into a positive 
ion by the loss of an electron (either from the methyl caibon 
atom or from the para-carbon atom of the qumone ring, quino- 
carbonmm base). This electron converts a sulphur dioxide 
molecule into a negative ion, This follows from the fact that 
sulphui dioxide, like ammonia, possesses potentially one fiee 
positive and one free negative valence (Combination with 
water yields a tautomenc form of sulphui ous acid, thus 
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+ - +/ /OH \ 

(SO,, = 2 S +) + H OH -> QjjS/ j 

VH / 

The negative electron from triphenylmethyl polanzes the potential 
positive valence of the sulphur atom of sulphur dioxide thereby 
developing a free negative valence In other words, the tn- 
phenylmethyl molecule becomes a positive ion and the sulphui 
dioxide molecule becomes a negative ion according to the scheme 
of the following reactions (i) and (2) 

(1) (C 6 H D ) S C -> Q + (C 6 H 8 ) 8 c 

(2) 2 S + - SO Q 

The existence of these ions would account for the conduc- 
tivity of triphenylmethyl in liquid sulphur dioxide solution. The 
products of electrolysis aie triphenylmethyl at the cathode 
thiough the reversal of reaction (i) , and sulphur dioxide at the 
anode through the reversal of reaction (2), 01 the equivalent 

change, SO 2 + ~ SO 2 . This scheme is identical m principle 
with the scheme foi the lomzation of sodium and ammonia 
previously described 

Summary 

Briefly summarized, the interpretations of a number of the 
characteristic properties of free radicals, particularly tnphenyl- 
methyl, in terms of the electronic conception of positive and 
negative valences, have led to the following conclusions . 

(1) Free radicals are comparable m many respects to the 
electrically neutral atomic state. 

(2) The instability, or leactivity, and general chemical pro- 
perties of free radicals depend upon their development of 
positive or negative valences through the loss or gam, respec- 
tively, of negative electrons In other words, free radicals may 
act either as reducing or as oxidizing agents 

(3) The adaptibihty and tendency to lose or to gam elections 
are properties of certain atoms m the free radicals The valences 
of these atoms are variable both as to number and to polarity 

(4) Not only triphenylmethyl and other tnaiylmethyls, but 
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also nitto^en dioxide, sodium-ammonium, tetiamethyl am- 
monium, and other compounds, as well as ceitain elements, 
may be icgauled as fiee radicals 

(5) Some of the petuluu icainiugement reactions manifested 
by tnphenylmetlvyl ate leadily mteipieted by means of the 
e/t'dnwn fsnnitta of benzene 

(6) Kvidenu: is piesented in suppoit of the view that theie 
is ,i close analogy between the electiical conductivity of tnphenyl- 
inethyl in liquid sulphui dioxide solution, and the conductivity 
of sodium dissolved in liquid ammonia. In the fotmei instance, 

I I - 

1 j - 

the ions aie (C (1 IL,) a C and SO a , m the lattei, Na and NH, 
The existence of these ions is substantiated by the foimation in 
solution of the fiee ladical, sodium-ammonium, NaNH. t , the 
electi onic foimula of which lends itself to an mteiptetation of, 
and a mechanism foi, the reaction in which sodium amide is 
foimed, as well as the compound Na a N a I[ ft . 

(7) Finally, it is hoped that the definition and conception 
of fiee irttfna/\ (heicwith developed, applied, and confnmcd by 
mtetpietations of numeious ieac,tions) may piove to be fiee fiom 
the moie 01 less vague and mystical ideas which have chai- 
acten/ed the use ot the tenn "fiee ladical" in the histoiy of 
chemist! y. 

It is only through the employment of the electronic concep- 
tion of positive and negative valences and electi onic foimulai 
that the intetpietations of the existence and piopeittes of fiee 
uuhcals, and the geneiul conclusions hcie presented, aie possible. 
The hteiatine upon this subject shows that oidinaiy strucluial 
foimulaj affoid veiy limited aid 



PART III. 

PHYSICAL PROPERTIES AND PHYSICO-CHEMICAL PHE- 
NOMENA MOLECULAR VOLUMES, ABSORPTION OF 
LIGHT AND FLUORESCENCE 



C11A1MKR XVII. 

TUR MJ'CTKONIC l-ORMUL/K AND MOLl'CULAR VOLUMES OF 
TIIh CIILOROHFNZKNKS 

IN I'.ut 1L, Chapteis VII to XVI inclusive, the constitution of 
ben/ene, substitution in the benzene nucleus, and the chemical 
ptopeities t>{ ben/one, u.s well as many of its derivatives, have 
been inteipieted in teims of the electionic conception of valence 
and the decUome foim.uk of ben/ene. The puipose of Pait II. 
has been to substantiate the electionic conception of valence and 
the elettionic fotmuU of benzene chiefly by the enumeration, 
explanation,, and iuteipietation o{ Jicin'ial fnopertie\ and reactions, 
There now lenum many />hv\iml />;<>/V;//Vv and phyiuo-ihcimcal 
/i/n'iituitMht, such as moleculai volume data, light abbot ption, and 
fluorescence data to be explained in teims o( the electionic con- 
ception of positive and negative valence, The discussion and 
pioposed inlet pi etatum of these physical and physico-chemical 
phenomena constitute the subject matter of Pait III., Chapteis 
XVII. to XXU. inclusive 

A. Molecular Volume Anomalies. 

i'lirthtn* evidence for the electionic formula of benzene may 
be found in the development of a lelalionship between the 
electronic formula* and the molecular volumes of mono-, ch-, tn-, 
teti a , penla-, and hexa-chlorobenxenes. What aie the essential 
featutes of the relationship existing between the molecular 
volume* of these six compounds and their respective electionic 
lonnuU'? 

Apropos of this question, consider the remarkable anomaly 
fust noted by SUeclel 1U that ^-halogen compounds always pos- 
sess .smaller molecular volumes than their isomeric a-halogen com- 
pounds. Foi instance, the molecular volume of CH 8 CHXCH a X 
is about tluee units less tlian that of CH s CH a CHX a . Thus, two 
stuictmally similar molecules may possess diffeient molecular 

171 
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volumes, and there is nothing in the ordinal y structural formulae 
of these isomers to account for, or to conelate, these diffeiences 

Le Bas 112 has proposed an explanation of some of these 
anomalies in his hypothesis of paitial or incomplete rings, and 
his examination of the molecular volumes of numerous compounds 
has led to the following results 113 which must be consideied in 
this paper (a) If a paraffin compound be substituted by a 
halogen atom or other unsaturated substituent moie than once, 
the volume of the compound is noirnal, or subject to the additive 
lule, provided that the substituents be attached to a single 
carbon atom () If they aie distributed among seveial caibon 
atoms, theie are always conti actions of a constituent nature 
It matters not how many hydrogen atoms of the teimmal caibon 
are substituted, the contractions are dependent upon the number 
substituted in the /3-position (c) For one substitution in the 
/3-position the contraction is a little over three units For two 
substitutions in the /3-position the contraction is about six units, 
01 nearly double the first Substitutions m the ry-position always 
involve greater contractions than substitutions in the /3-position , 
and it is conceivable that substituents in the S-position would 
result m still gi eater conti actions 

In explanation of these icsults Le Bas 114 states that inter- 
mediate between open and closed chain compounds are what are 
known as paitial or incomplete rings " In order that they may 
be formed, it is necessaiy that two atoms or groups, which may 
be supposed to possess lesidual affinity, occur m a hydrocaibon 
chain attached to different carbon atoms If the carbons aie 
near to each other, there is no need to suppose any vanation 
from structure usually considered when the tetrahedial arrange- 
ment of the valency links of carbon is understood The addi- 
tional feature of curvature of the hydrocarbon chain may also be 
the normal condition of things In the case of saturated com- 
pounds the plane formulae are figured thus 

CH 2 x 

CH 2 Y/ 

If the two attracting groups are united to carbons not in the 
immediate neighbourhood of each other, we must suppose that 
they are brought near by the curvature of the hydrocarbon chain, 
or the alternative supposition just given is true In any such 
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case, such a structure affects the molecular volumes of com- 
pounds " Thus 

/CH 2 x 

CH 2 ( 

\CH 2 Y 

It is not the puipose of this chapter to disparage or discredit 
the explanation of Le Bas, but, lather, to propose a new ex- 
planation based upon the electronic conception of positive and 
negative valences as follows Halogen atoms (and other sub- 
stituents) may function positively 01 negatively Halogen atoms 
substituted in the a-position alone, 01 in the ^-position alone, 
cause no conti action, but each of the halogen atoms in the j3- 
position occasions a conti action of about thiee units provided one 
01 more halogen atoms aie present in the a-position May we 
not assume, then, that the differences or contractions in the mole- 
cular volumes of the isomers ate due to diffeiences in the polarities 
of the halogen atoms or sufatituenh, in the a- and ^-positions 
respectively ? Further, may we not assume that differences in 
polarity a)c diiectly related to differences in the relative atomic 
volumes of the halogen atoms or snb^tituents ? For purposes of 
illustiation, suppose that the halogen atoms in the a-position 
function positively, while those in the /^position function nega- 
tively (evidence will be presented shortly) and that the atomic 

JL 

volume of X is gi eater than that of X Then, electronic formulae, 

such as CHgCHjCHXX, and CH 3 CHXCH 2 X, correlate the fact 
that the moleculai volume of the a-di-substituted compound is 
gieatei than that of the isomenc a, /3-di-substituted compound, 
the cliffeience in the moleculai volumes being due to differences 

in the atomic volumes of X and X * Such a cou elation cannot 
be shown by employing the ordinary stiuctuial formulae of the 
compounds in question 

The above assumptions may now be coi related with a number 
of facts which aie readily mteipieted in teims of the electronic 

* It bhould be noted that when different atoms, such as chlorine and carbon, are 
united, a change in the polarity of one, involving a change in the polarity of the 
other, would concomitantly alter the atomic volumes of both atoms, but the atomic 
volume of each atom would not be altered to the same extent Accordingly, the 
molecular volume data under consideration in this chapter are regarded as a measure 
ot certain additive and constitutive effects involving the polarity and the atomic 
volume of certain atoms. 
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conception, of positive and negative valences It has been noted 
that when a paiaffin compound undergoes substitution moie than 
the molecular volumes of the substitution pioducts are 



once. 



normal, i e, subject to the additive mle, provided that the sub- 
stituents aie linked to a single carbon atom In this connection 
consider the direct substitution of chlorine in methane which 
may be represented thus 



+ 

H 



+ Cl Cl -> 



Cl + H Cl 



Successive substitution of positive chlorine atoms would lesult 
m the foimation of compounds of formulae, 

CH 2 (C1) 2 , Cli(C\)j and C(Cl)i 

If we tabulate the molecular volumes (V m ) of these compounds 
and the volumes of their hydrocarbon gioups, the diffeiences be- 
tween these values will give the volumes of their chloune atoms 
which are indicated under (C1) m the following table, n being 
the number of chlorine atoms in the respective compounds 



Compound 


( V ,n) 


Volume of Hydro 
carbon Group 

22 I 

185 
14 8 


(C1 ) 
2 X 21 5 

3 x 22 o 

4 X 23 2 


CH 2 C1 2 
CHCL 
CC1 4 


651 
845 
1037 



The data show a slight increase m the atomic volumes of 
the chlorine atoms as they accumulate m the molecule The 
electronic schemes for the substitution reactions (in the absence 
of intramolecular oxidation-reduction reactions) indicate that the 
substituted chlorine atoms function positively The moleculai 
volume data indicate that the average atomic volume of these 
positive chlorine atoms is very neaily equal to 22 o 

The next question to be considered naturally relates to the 
atomic volume of the chlorine atoms which function negatively. 
An extension of the hypothesis to the constitution and molecular 
volumes of ethylene and ethylidene dichlondes leads to some 
interesting conclusions The values with respect to these isomers 
are as follows 
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Compound 


< v m> 


Volume of Hydro 
carbon Group 


(nCl) 


CHj CHC1, 


889 


44 5 


2 X 22 2 


CIIjCl CH 2 C1 


853 


445 


2 X 204 



Fiom the data it appeals that the average atomic volume of 
the chlorine atom in ethyhdene dichlonde is 22 2 , m ethylene 
dichlonde, 204 Conectly to mteipret this constitutive effect, 
account must be taken of the fact that in the majority of the 
aliphatic compounds of the type RC1 in which only one chloime 
atom is substituted on a carbon atom, the average atomic volume 
of this single chlorine atom is 21 5 Since the chlorine atoms in 
ethylene dichlonde aie singly attached to separate carbon atoms 
and then total volume is 40 8, the volume of each cannot be 
21 5 Consequently, it follows that if one of these chlorine 
atonic has the usual volume of 21 5, then the volume of the other 
chloime atom must be 193, ie, the difference between their 
total volumes, 40 8 and 215 While none of these values is 
absolute, the data indicate a possible con elation of molecular 
volume data and electiomc formulae. Thus, if the a-chlonne 
atom has a gieatei atomic volume than the /3-chlonne atom and 
functions positively, then, in contra-distinction, the /3-chlonne atom 
would be assumed to function negatively The correlation of 
the electronic formulae and atomic volumes of the chlorine atoms 
of ethylidene and ethylene dlchlondes may be summarized thus . 



Isomet s 

4- + 
CH 8 CHC1C1 

4. 

CHgCl CHjjCl 



(nCl ) 

4H 
40-8 



(201 = 2 X 222 = 44-4) 
+ 

(Cl + Cl = 193 + 215 = 



Fiom this point of view, the difference between the molecular 
volumes of ethylidene and ethylene di-chlondes is not dependent 
on the idea of the foimation of a paitial nng, as assumed by 
Le Bas m the case of ethylene dichlonde, but is due to a diffei- 
ence in the atomic volumes of the a- and /3-chlonne atoms which 
are assumed to function positively and negatively, respectively 
Fuither evidence for the assumption of this diffeience of polarity 
is found in the union of chlorine with ethylene The hydrolysis 
of chlorine (pieviously indicated) yielding hydiogen chlonde 
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~ 
(H Cl) and hypochlorous acid (HO Cl) indicates that the 

+ 

chlorine molecule may yield Cl and Cl on dissociation Accord- 
ingly, the addition of chlorine to ethyl ene is represented thus 

Cl Cl 



Cl Cl + H,C 



CH, 



-CBL 



The "opening" of the double bond of ethylene may be legaided 
as the simultaneous development of a ftee positive valence on 
the one carbon atom and a free negative valence on the other, 
which valences, respectively, bind the negative and positive 
chloime atoms In other words, the chlorine atoms m the 
a- and /3-positions aie of opposite polanty 

An analogous situation, indicating that the a-substituent 
tends to function positively while the /3-substituent is negative, 

+ - 
is found in the addition of hydrogen chloride (H Cl) to acrylic 

acid yielding /3-chloropropiomc acid exclusively,* thus 



Cl 



H 



H Cl + 



H n C- 



I Ifff 



-CH . CO,H 



Note also in this connection the addition of hydrogen bromide 
to a-bromo acrylic ester Again the positive substituent unites 
with the a-carbon atom while the negative substituent assumes 
the /3-position, thus 

Br H 



H Br 



C0 2 CH., 



HC CBr CO,CH, 



This compound, a, /3-di-bromopropiomc ester, is also the pro- 
duct of the addition of biomme (Bi Br) to acrylic ester., and in 

* Addition reactions involving the two types . of double bonds, diplev (C==C), 

and contraplex (C- C) (Fry, Z physik Chem , 76, 400 (1911)), renders possible 

an interpretation of many of the anomalous addition reactions studied by Michael 
from the standpoint of his " chemical neutralization" theory. 
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view of the preceding facts the a- and /8-biomme atoms are, 
respectrvely, positive and negative Now the molecular volume 
of a, /3-di-bromopiopiomc estei is 3 9 units less than that of its 
isomer, the a, a-compound Thus it appears that the a-substi- 
tuents have a gieatei atomic volume than the /3-substituents and 
a relationship exists between the electiomc formulse of these 
isomeis and then molecular volumes which is summarized as 
follows 

(a, a) CH, CBrB: CO fl CH a . V, = 1563 

(a, ft) CHaBx CH ,Br CO a CH, . ( V, = 152 4 

-I- 
Difference (V Br - V Br) =39 

The preceding facts and their correlation with the electronic 
formulae lead to the assumption that the atomic volume of the 
positive halogen substituent is gieatei than that of the negative 
halogen substituent Consequently, the differences between 
the molecular volumes of the isomeis in question is related in 
some way (to be considered later) to differences m the polarities 
of the substituents m the a- and /3-positions This hypothesis 
may now be extended to the explanation of the remarkable 
anomalies met with in the atomic volumes of the chlorine atoms 
m the several chlorobenzenes, especially hexa-chlorobenzene 
The existence of a relationship between the molecular volumes 
of the chlorobenzenes and the electronic foimula of benzene 
will be definitely indicated. 

B. The Electronic Formulse of the Chlorobenzenes 

In previous chapters numerous facts have been presented and 
rnterprcted by means of the electiomc formula of benzene A 
substitution uile has been developed showing that when substi- 
tuents aie of the same sign 01 polarity they wrll occupy posrtrons 
which aie meta to each othei, but if two substituents are of 
opposite sign 01 polar rty they wrll occupy erther ortho or para 
positions to each other The development of this rule depended 
upon the fact that the electiomc formula of benzene is the only 
formula which presents conjorntly a structural basis and an elec- 
tronic interpretation of the relatrons between ortho and para 
posrtrons and substrtuents rn contradistinction to meta positions 
and subbtituenls Now, if the electronic formula of benzene 

12 
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is subject to correlation with the molecular volumes of the 
chlorobenmies, the following conditions must be fulfilled (i) 
Substituted chlorine atoms occupying ortho 01 paia positions 
to each othei must be of opposite polanty while those occupying 
raeta positions to each othei must be of the same polanty 
(2) It has been indicated that chloime atoms which function 
positively possess a gieatei atomic volume than those which 
function negatively Consequently, positive chlorine atoms in 
the benzene nucleus must possess gieatei atomic volumes than 
the negative chloime atoms in the corresponding paia or oitho 
positions These conditions would be fulfilled completely if it 
is shown that, for instance, in hexa-chloiobenzene 




the positive chlorine atoms in positions 1,3, and 5 possess greatei 
atomic volumes than the negative chlorine atoms in positions 2, 
4, and 6 To this end, considei, first, the electronic schemes for 
the formation of the six chlorobenzenes whose moleculai volumes 
present the remarkable anomalies that demand an explanation. 
The direct substitution of chlorine in the benzene nucleus, 
generally effected with the aid of halogen carneis, coiresponds 
to the following simplified scheme I 

Scheme I 



H 




H + - H |H + - 

+ Cl Cl -> I + H Cl 

-h 
H 



H \/ 
H- 

m which positive chloime is introduced The extended sub- 
stitution of chloime yields the several di-, tn-, tetra-, penta-, and 
hexa-chlorobenzenes Direct substitution, as indicated, effects 
the introduction of a positive substituent, but the electionic 
formula of benzene requires that poly-substituted deiivatives em- 
body negative substituents as well The existence of the negative 
substituents depends upon the electronic tautornensm (foi ex- 
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ample, C 6 H 5 C1 == C H fl Cl) of some of the denvatives which in turn 
undeigo fuithei substitution With refeience to the formation 
of paia-di-chloiobenzene, 01 any other di-substituted denvative, 
lecall that if a given substituent in the benzene nucleus is positive, 
the enteiing positive substituent will occupy the meta position, 
but if the mono-substituent is negative, the enteiing positive 
substituent will occupy paia 01 oitho positions The chlorma- 
tion of mono-chloiobenzene yields chiefly para-di-chlorobenzene 

Consequently, electiomei QH fl Cl (and not electiomer C 6 H 5 C1) 
undeigoes substitution accoidmg to scheme II 

Scheme II 
Cl 

H H + - 

+ Cl Cl -> 

H\/H 

1-1 + 

Schemes I and II. in conjunction with the principle of electronic 
tautomensm show that a given positive substituent may, under 
ceitain conditions, function as a negative substituent, but in 
paia-di-chlorobenzene the halogen atoms aie of opposite polarity 
This not only follows from the electronic formulae but is con- 
fit med by expenmental facts, notably the reactivity of the 
negative chlonne atom and the non-reactivity of the positive 
chlonne atom when para-di-chlorobenzene is heated with methyl 
alcohol solution of sodium methylate. The reaction confoims 
quantitatively to the elect* omc equation 

+ _ 4. + -f 

Cl . C 8 II 4 . Cl -I Na . OCH 3 -> Cl . CH 4 . OCH 8 + Na . Cl 

Anothei lemarkable difference between the chlonne atoms 
in pau-di-chloiobenzene will shoitly be consideied in connection 
with their atomic volumes 

In the complete scheme foi the formation of the six chloro- 
benzenes in question, a number of systems of electionic tautomer- 
ism aie involved, but in the following abbreviated scheme III 
only those electionic formulae have been included which aie 
directly related to the present investigation, namely, the correla- 
tion of the molecular volumes of mono-, I . 2 di-, 1.2 4 or 
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I 4 5 til-, I 2 4 5 tetra-, penta-, and hexa-chloiobenzenes 
with then lespective electiomc formulae The electronic formulae 
of these compounds aie indicated in the following scheme III 
by the letteis A, B, C, D, E, and F 

Scheme III 



CL 



+ 


+ 


H 


Cl 


5/Yi 1 


H ^ 




Cl a \ 


A 


+ 


+ -> 




H \/ H 1 


. \/ 


H- 


H- 





Cl 



H 


' \ 


Cl 




C' 




H 


\/ 


H 


ci- 





Cl 

+/\+ 



Cl, 



Cl 



Cl 



Cl 



\x 



The scheme involves thiee systems of electronic tautomensm, 
namely, (A ^ A'), (C ^ C), and (E =^ E') Beginning with 
benzene, each of the six successive chloimations introduces only 

+ 
one positive substituent, Cl, as has been illustrated in preceding 

schemes I and II Note that A', C', and E' (the respective 
electromers of A, C, and E) yield on chlormation B, D, and F, 
respectively. Compqunds B, D, and F do not possess electromeis 
because they contain an even number of symmetrically substituted 
chlorine atoms On the other hand, the electronic formulse A, 
C, and E are in tautomenc equilibrium with their respective 
electromers A', C', and E' since they embody an uneven number 
of substituted chlorine atoms and the numbei of their positive 
substituents is unequal to the numbei of their negative sub- 
stituents. 

Before tabulating the molecular volume data, it will facilitate 
comparisons if the electronic formulae of the six chlorobenzenes 
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aic lewiitten in juxtaposition and with the positive substituents 
in positions 1,3, and 5, and the negative substituents in positions 
2, 4, and 6 Such an aiiangement will not altei in the least 
the electt onic foimulcD of these compounds as derived in the 
piecedmg scheme the lelative positions and polarities of the 
substituents lemain the same 



Cl 



H 




Cl 



Cl 



Cl 



H 



H 



H 



Cl H 



I-I- 



ci- 



ci- 



\/ 

ci- 



H 



Cl 



I 

E + 

x> 

ci- 



Cl 



Cl 



F r 

\/te 

ci- 



C The Molecular Volumes of the Chlorobenzenes. 

The piecechng airangement of the electronic foimulse of the 
six chloiobenzenes (A-F) selves as a key to the following table 
of molecular volume values 



Chlorobui/enes 




V,,, 


V',H 


V * C1 


A 


A Mono- . 


(odd) 


114 6 


928 


21 8 














195 


B i . 4-Di- 


(even) 


I39 


896 


413 














21 4 


C i 4 5-Tn- 


(odd) 


149-1 


864 


6^ 7 














18 9 


D i 2 4 s-Tctra 


(even) 


1648 


83 3 


816 














223 


E i 2 3 ^ s-Penta- 


(odd) 


1839 


80 o 


1039 














193 


F i a 3 4 5 6-Iiexa- 


(even) 


200'0 


768 


1232 





The fiist column embodies the names of the six chloro- 
benzenes, A to F, inclusive The designation (odd) or (even) 
icfets to the nurnbei of chloime atoms in the respective com- 
pounds The formei aie unsymmetncal in stuictuie , the latter, 
syrnmeti ical. The molecular volumes of the chlorobenzenes, 
oiigmally cletei mined by Jungfleisch, 110 and subsequently re- 
tabulatecl by Le Bas, aie given m the second column, V w The 
thud column indicates themoleculai volumes of the hydiocarbon 
gioups of the compounds, Y w The difference between the 
moleculai volume of a given chlorobenzene and its hydrocarbon 
group (V wl - V' w ) g^es the molecular volume of its chlorine 
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atoms, V V C1, column four. The last column is one of diffciences 
(A) between the total volumes of the chloime atoms of the 
successive compounds For example, the atomic volume of the 
cliloime atom in mono-chlorobenzene is 218. The combined 
atomic volumes of the two chlorine atoms in I 4 di-chloio- 
benzene is 41 3 The difference between these values, namely, 
195, is, theiefore, the volume of one chloime atom while that 
of the other in the para position is 21 8 The electiomc formula 
of benzene has shown that substituents para to each othei are 
of opposite polanty Since previous investigations have indicated 
that the positive chlorine atom may have a gi eater atomic volume 
than the negative chlorine atom, the correlation between the 
atomic volumes and the electiomc formula is maintained in para- 
di-chloiobenzene. Fuither conelations aie maintained thiough- 
out the series of the six chlorobenzenes since the column of 
diffeiences (A) shows that the chlorine atoms successively sub- 
stituted vaiy in their atomic volume values by an average differ- 
ence of 2 6 units This simultaneous variation in polarity and 
atomic volume is emphasized by the retabulations m the following 
table 





Relative 
Position 


Atomic 
Polarity Volume 
(Positive) 


Atomic 
Volume 
(Negative) 


A ist chlorine atom . 


(i) 


( H) 21 8 


_ 


B 2nd , , 


(4) 


(-) - 


195 


C 3rd , 


(S) 


( + ) 214 




D 4 th , , . 


2) 


\ 

~ i ~~~ 


18-9 


E 5th , 


3) 


+ ) 223 





F 6th , , 


6) 


\ 
1 


193 




Mean 


values 21 8 


IQ 3 




A = 26 



It is, theiefoie, evident that a marked diffeience (aveiage 
A = 26) exists between the atomic volumes of the chlorine 
atoms in positions I, 3, and 5 and those in positions 2, 4, and 
6 , and, since the electronic formula of benzene and the substi- 
tution rule has shown that substituents in positions I, 3, and 5 
are opposite in polarity to those in positions 2, 4, and 6, it 
follows that a definite relationship exists between the electronic 
_fotmula of the VA chlorobenzenes and their respective molecular 
"volumes The existence of this relationship may be regarded as 
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additional evidence, from a physical point of vteiv, for the electronic 
foi mutii of benzene 

Vanous facts piesented in this chaptci seem to indicate that 
a change 111 the polanty of a halogen atom causes a vanation in 
its atomic volume Any attempts to explain this in the ptesent 
state of out knowledge would plunge us fatally into the meta- 
physics of an atomic stiucture maelstrom Notwithstanding the 
incomplete knowledge of the constitution of the atom as mani- 
fested by the many diffeient hypotheses lelative to the natuie 
and disposition of "valence elections," it is quite conceivable 
that vanattons in the relative positions of the valence electrons 
which determine the polanty of an atom may likewise cause 
variations in the atomic volume of the atom This assumption 
may lead to an explanation of othei anomalies in molecular 
volume relationships For instance, in the compounds methylene 
dichlonde, chloiofoim, and caibon tetiachlonde, previously noted, 
the aveiage atomic volumes of the chloime atoms aie 21 5, 
22 o, and 22 -2, respectively This small increase in the aveiage 
volumes of the chloime atoms as they accumulate about a given 
caibon atom may be due to the lelative positions of the valence 
elections between the caibon and chloiine atoms which may 
mutually altei the lespective atomic volumes of these atoms 
It has also been noted that foi one substitution in the /9-position 
of a compound the conti action m molcculai volume is a little 
over three units while substitutions on the 7- and S-positions 
result m even gi eater contiactions These anomalies may also 
be i elated to diffeiences m the lelative positions of the valence 
elections between the caibon atoms and the halogen atoms 
substituted in the a-, /3-, 7-, and ^positions, thus causing varying 
differences in the degrees of contiactions 

In conclusion, a quotation fiom Le Bas should be noted 
<f Theie is no doubt that m spite of the care taken, many 
paits of the piesent theory of moleculai volumes may have to 
be alteied latei as data accumulate, and as oui knowledge of 
the physical propeity mci eases. The identification and explana- 
tion of constitutive effects is not always easy Some paiticular 
atomic values .generally those found in the homologous series 
R X are taken as standaid, and by the method of summation 
the value 5W a is found The diffeience, V,,,5W rt , then measuies 
the constitutive effect. Sometimes a mean atomic value is 
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taken, and it then follows that no account is taken of vanations 
The gieat difficulty is to identify the effect with a paiticulai 
atom 01 gioup When this seems possible, it sometimes hap- 
pens that other atoms or groups might equally well be identified 
with the effect in question Only a careful examination of a 
laige number of data can oveicome these difficulties It will 
geneially be found that the constitutive effects aie tiaceable 
to some modifications in particulai atomic values, and a con- 
siderable advance is made when we aie able to asceitam foi 
certain which atoms are marked by the vanation in question 
and by how much " 

Apropos of the above quotation, and as a summaiy of the 
present chapter, it has been shown that 

(1) Halogen atoms which function positively appeal to possess 
different atomic volumes from those which function negatively 
Consequently, it is possible to con elate ceitain additive and 
constitutive effects apparent in the moleculai volumes of certain 
compounds with then electronic foimulai These effects cannot 
be explained by means of the ordinarily employed stiuctmal 
formulae 

(2) Definite relationships exist between the moleculai volumes 
of six diffeient chlorobenzenes and their lespective electionic 
foimulae These relationships fuither confiim the electionic 
formula of benzene 

(3) It is suggested that any variations in the i el alive positions 
of the valence elections which determine the polanty of an atom 
may likewise cause variations in the atomic volume of the atom 



CHAPTER XVIII 

DYNAMIC FORMULAE AND THE ULTRAVIOLET ABSORPTION SPEC- 
TRUM OF BENZENE 

A. Colour m Relation to Chemical Constitution. 

IT is the purpose of this chapter to present the development 
of a lelationship, in the natuie of a linear function, between the 
systems of dynamic equilibna of the various electromers of 
benzene and the oscillation frequencies of the seven bands which 
chaiactenze the ultiaviolet absoiption spectrum of benzene 
solutions The existence of such a lelationship would not only 
fuither substantiate the electronic foimulse of benzene but also 
afford a new explanation of colour in relation to chemical con- 
stitution 

Watson, 110 in the pieface to his lecent monograph, "Colour 
m Relation to Chemical Constitution," states that "the early 
theoues as to the i elation between colour and constitution, such 
as the qumonoid theory and Nietzki's rule, have pioved of great 
value for practical purposes, viz , in the production of dyestuffs 
and especially for the piepaiation of dyestuffs of any requned 
shade , but moie recent researches have shown that these classi- 
cal theoues are by no means adequate Modified and new 
theoues have been pioposed which agree better with the known 
facts The quest of the ultimate cause of colour has revealed 
the gieat complexity of the problem and has shown the need for 
further work in this dnection" 

The fundamental cause of the absorption of light by benzene, 
as proposed in this chapter, is necessarily complex since it has 
to deal with the somewhat complicated systems of dynamic 
equilibua of the electioneers of benzene. But if the absorption 
of light of known oscillation fiequency can be correlated with 
the electronic foimulse of benzene, then it may be concluded 

185 
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that some definite advance has been made m the quest of the 
ultimate cause of colour in its relation to chemical constitution 

B. The Systems of Dynamic Equilibria of the Electrorners 

of Benzene. 

A statement made by Stewait 117 should be lecalled at this 
point "It is becoming generally iecogni7ed that the benzene 
molecule is m a state of continual vibiation, and that the only 
satisfactory space formula will be one which icpiesents all the 
other formula; as phases of its own motions, and zufac/z may even 
suggest the possibility of new phases as yet umccogmicd The 
mam outlines of such a formula have been indicated by Collie, 
and it seems probable that any space formulas of benzene which 
may be proposed m the future will agiee with his in essentials " 

The plane projections of Collie's space foirnulae and the 
twofold movements which aie attributed to the system have 
been described and illustrated in Chaptei VII., Section B (p 
48) Collie's space formulae aie con elated icadily with the 
Kekule and centric formulae since, thiough then movements, 
they are mutually interconvertible 

Again, recall that a complete application of the electronic 
conception of positive and negative valences to the benzene 
molecule, involves five types of carbon atoms, namely, 

+ + - + -+ --I- -- 

c c c c c 

+ + + + _+ _ _ _ _ 

I II III IV V 

and if benzene nuclei (centric formulae) aie composed of these 
several types, each nucleus consisting of thiee pairs of the 
combined types I and V, II and IV, and III. and III, sym- 
metrically co-ordinated, six and only six centnc electioiiic 
formulae (electromers) are possible, as pieviously shown in 
Chapter VII 

Now, if m place of the one centnc phase of Collie's space 
formulae, there be six centnc electiomers, then there will be six 
times as many Kekule" and other phases in a complete system of 
dynamic equihbna of the electromers of benzene Befoie this 
extended system is developed, consider specifically the plane 
projections of those electromers that aie related to the centric 
foimula which is composed of caibon atoms of type III 
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H 

Second 
Kekule 
phase 



Last 
phase 



Note that the fiist and second Kekul6 phases piesent two 
distinct types of double bonds In the formei, each of the two 
bonds (Fai aday tubes) comprising a double bond has the same 
direction, since then adjacent ends are of the same sign or polaiity. 
In the lattei, the bonds have opposite dnection, since their 
adjacent ends are of opposite sign or polarity. Hence these two 
types of double bonds may be designated by the teims dip lex: 
and contraplex lespectively 

In the complete scheme of dynamic equilibria of the 
electiomeis of benzene, piesented in Fig I, p 1 88, the first and 
last phases, which are respectively i elated to the first and second 
Kekul6 phases, have been omitted foi the sake of bievity The 
centiic clectiomei A, the starting-point of the scheme, so to 
speak, is composed of carbon atoms of the types I and V. 
Electioneer A functions as the mtei mediate phase between A' 
and A". 

Kekul6 held that the atoms of carbon oscillate in the molecule 
of benzene in such a way that A' would icpiesent the constitution 
of the molecule at one period of oscillation, and A" the con- 
stitution at anothet period. This conception introduces a kind 
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of stiuctuial modification diffenng both from ordmaiy isomensm 
and tautomeiism foi which Bruhl 118 has suggested the term 
phawtiopiwi) in the sense that "the unaltered benzene nucleus 
and analogous ring systems aie phasotiopic " On the electronic 
basis, A' and A" maybe tei med phasotropic elccti omers, neither of 
which could leveit to the centric electromer A, unless theie was 
a leanangement of bonds or Faraday tubes Such a change 
would lesult in another state of equilibrium in the centnc 
electiomei 01 phase. 

Faiaday introduced the term "dielectric polarization" to 
descnbe the condition of a non-conductoi or dielectric, as he 
conceived it, when in a state of strain under the action of two 
adjacent chaiges of positive and negative electricity, as, for 
example, in the condenser. Accordingly, the centric phase may 
be assumed to present a state of strarn, or of meta-stable equi- 
libnum, by vntue of the balance between three positive and three 
negative charges within the ring , hence it may be said to be in 
a condition of dielectnc polarization The reairangernent of the 
thiee positive and thiee negative chaiges of the centnc electromer 
in such a manner that the positive charges occupy the positions 
antecedently held by the negative chaiges, and vice versa, pro- 
duces at one and the same time not only a similar condition 
of dielectnc polarization, but also another centnc electromer 
Thus, the centric electiomer A composed of carbon atoms of the 
types I and V undergoes centnc rearrangement yielding another 
centnc electiomei B composed of carbon atoms of the types II 
and IV There are three distinct centnc leanangement equr- 
hbna, or transitions, in the complete scheme, namely, A =^= B, 
C == D, E =: F Note that centric rearrangement is structurally 
rrnpossible between B and C, and between D and E 

In Collie's space foimulse for benzene, the centnc phase is 
mtei mediate between two, and only two, Kekul6 or phasotropic 
phases. In the proposed scheme, in which eveiy electronic 
formula is, the plane projection of a space formula, a given centnc 
electiomer may be the intermediate phase between two, three, 
or foui phasotropic electiomets For example, A is the inter- 
mediate phase between A' and A" , B, between B', B", and C' , 
C, between B', "B", C, and C" Note that the transition from B 
to C may be effected through B', B", or C', but not through C , 
also, the transition from D to E maybe effected through E', E", 



i go THE ELECTRONIC CONCEPTION OF VALENCE 

and D", but not through D' In this mannei the mtei-ielations 
of the eighteen electromers compnsmg the complete scheme of 
equilibria may be readily traced. 

The scheme as thus outlined, piesents, when considered 
dynamically, two types of dynamic equilibna which shall be 
designated as pumary and secondary systems of phasotiopic 
equihbna. A pnmaiy system or tiansition involves thiee 
phases namely, one centric electiomei and any two of its 
diiectly related phasotropic electromeis, as foi example, the 
transitions A'^=A^=A", B'^=B=^B", 01 B' ^= C ^ C" A 
secondary system or tiansition involves foui phases , namely, two 
centric electromers, which aie mtei convertible by centnc re- 
arrangement, and one phasotiopic electromer of each of the two 
mterconveitible centric electiomers, as for example the tiansitions 
of A' ^ A ^ B ^ B' , or B' ^= C ^ D ^ E" Twenty pnmaiy 
transitions and twenty-eight secondaiy tiansitions aie embodied 
in the complete scheme They will be tabulated and discussed 
later 

The possibility of con elating these various electiomei s and 
their systems of dynamic equilibria with the oscillation frequencies 
of the seven bands of the absorption spectium of benzene con- 
stitutes the present problem Baly and Desch 119 maintain that 
the benzene absorption bands are to be accounted foi by the 
synchronous oscillations of the benzene molecule in some such 
way as a tumng-foik vibrates m response to a note of definite 
pitch In terms of the electron theory, they state that "com- 
bination between two atoms is accompanied by the passage of 
one or more electrons from one atom to the other pioducmg one 
or more Faraday tubes of force between them, eacfr Faiaday tube 
representing the chemists' single bond If by some means we 
cause the rearrangement of these linkmgs or Faraday tubes, it is 
clear that there must occur a vibrational disturbance in the 
systems of electrons of the atoms concerned Now we have 
direct evidence of these disturbances m the fluorescence of 
tautomenc substances as shown by Hewitt 120 It is, theiefoie, 
only natural that the converse takes place , namely, the absorp' 
tion of light by tautomenc substances." 

Baly and Desch show that this process in the aliphatic com- 
pounds involves the make and break between a carbon and an 
oxygen atom, thus 
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CH - C - s^ - C=C* 
H || H | 

O* 



the stais being attached to those atoms which are undeigoing 
the linking change Compounds which manifest keto-enol 
tautomeiism display an absoiption band Apply ing this idea to 
benzene, Baly and Collie 121 differentiate between the transition 
phases in which any pan of caibon atoms, or any four, or all six 
aie concerned, the various tiansition phases being repiesented as 
follows 




These seven foirns aie held to icpiesent all the possible con- 
ditions of making and bieakmg the hnkmgs which can occur, 
Qa.cb.pei se being the origin of a sepaiate absorption band. 

This hypothesis of Baly and Collie does not offei any definite 
explanation as to how the seven phases of benzene may be 
bi ought about, apart fiom being the result of some form of 
motion of the atoms in the molecules. Moreover, since it does 
not attribute or i elate any one of the above seven phases to any 
one of the seven absorption bands, it theieby fails to indicate 
any possible numencal relationship between the various phases 
and the oscillation fiequencies of the seven bands An hypothe- 
sis designed to meet these deficiencies is offered in the following 
paiagiaphs 

C. The Electronic Interpretation of Keto-Enol Tautomensm 
in relation to the Absorption of Light. 

Accepting the finding of Baly and Desch that an absorption 
band is the lesult of coexistent ketomc and enohc forms in 
dynamic equilibria, three questions anse 

(1) What is the significance of the keto-enol . condition of 
dynamic equihbuum from the standpoint of the electronic formula 
of keto-enof compounds ? 

(2) Is this significance common both to the keto-enol systems 
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of dynamic equilibria and to the primaiy and sccondaiy systems 
of phasotropic equilibiia of the electiomers of benzene? 

(3) How are the systems of phasotiopic equilibria to be 
coi related (a) with the existence of seven bands in the absoip- 
tion spectrum of benzene , and (/;) with the oscillation frequencies 
of each of the seven bands? The following answeis aie pio- 
posed 

(i) The electronic formulae of ketonic and enolic modifica- 
tions are derivable fiom the electronic formula of one of the five 
typical compounds (see Chapter III, Section B, p 17)5 namely, 
formaldehyde The formula of an aldehyde or of a ketone is 
indicated by replacing one or two hydrogen atoms, i espectively, 
of formaldehyde by alkyl radicals 




-H 



O 

An Aldehyde 



-I- + 





A Ketone. 



Formaldehyde 

Keto-enol tautomensm involves the rmgiation to and fio of 
a hydrogen atom between carbon and oxygen atoms Having 
indicated the electronic foimula of a ketone, the keto-enol 
tautomenc equilibrium may be repiesented electronically as 
follows 



H+ - 
_c c- 



H O 



H+ - 
-C C- 



+ 
+ H 



H+ -^ 

-C - -- G- 



H 

That portion of the above scheme within the biackets illustiates 
the "opening up" of the diplex double bond between the caibon 
and oxygen atoms, and the lomzation of the migrating hydiogen 

+ 

ion, H This intermediate condition presumably piecedes the 
formation of the enolic modification which embodies a contraplex 
double bond between the two carbon atoms 

Note particularly that the rearrangement of valences or 
Faraday tubes involves a change in the nature or type of double 
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bonds as found in the keto- and enol-foims The foimet presents 
a (hj'tei double bond between the caibon and the oxygen atom , 
the latter, a cont rapier double bond between the two caibon 
atoms Hence the electiomc significance of the keto-enol tiansi- 
tion resolves itself to a condition of dynamic equilibnum involv- 
ing transition fiom diplex to contiaplex double bonds and 
vice versa. Systems of dynamic eqmhbiia involving changes 
from diplex to contiaplex double bonds and vice versa, will be 
termed conttaplev-dtplev transitions, This disposes of the first 
question 

(2) With refeience to the second question, the hypothesis now 
pioposecl does not limit contraplex-cbplex transitions to keto- 
enol tautomerism, but fuither assumes that the occunence of 
contiaple.v-diplex transitions m any types of dynamic equilibria 
constitutes the structural and the electronic explanation of absorption 
bands ) that is, of colour The occmience of these transitions 
among the pnmaiy and secondary systems of phasotropic 
equihbiia of the clectromeis of ben/ene have been noted, hence, 
they natuially constitute the basis of the explanation of the 
absorption spectium of ben/ene. The discussion of the thud 
question now follows 

Since thete are seven absorption bands in the benzene 
spectrum, and it is assumed that the tiansition fiom contiaplex 
to chplex bonds and vice versa, is the electronic explanation of 
an absorption band, then theie must be seven such distinct sys- 
tems involved in the complete scheme of phasotiopic equilibria 
A tabular airangement (see next page), (cf Fig i, p. 188) of all 
the possible pnmaiy and secondary systems of phasotiopic equi- 
hbiiu presents, twenty of the foimer and twenty-eight of the latter 

The elechomeis containing diplex bonds are A', A", C", D', F', 
and F", while those containing contiaplex bonds aic B', B", C', 
D", K', and E" Only those equilibria, either primary QI 
secondary, which involve transitions from an electroraei contain- 
ing; diplex to one containing contiaplex bonds, 01 vice versa, 
ai e followed by astei isks. These only may function as the origin 
of the absorption bands. 

Since six centric electromeis figuie in the complete scheme 
of equilibria, there are, accordingly, six classes of primary 
transitions, each class involving one centric phase Only six 
of the twenty primary ti ansitrons are asterisked, namely, those 
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Primary Systems of 
Phasotropic Equilibria 

{ I A' A A" 

{2 B' B B" 

3 B' B-C' 

4 B" B C' 



5 B' C B" 

6 B' C C' 

7 B" C C' 

8 B' C C"* 

g B" C C" * 



[10 C' C C" *} 
fu D' D D"*}y 



Secondary Systems of 
Phasotropic .Equilibria 

1 A' A B B' * 

2 A' A B B"* lT 

3 A" A B B' * r 

4 A" A B B" 

5 A' A B C' *\ TT 

6 A" A B C' */ a 



13 D'~D~E" *J 

14 D"-~D E' 

15 D" D E" 

16 E' D E" 



fi7 E' E E" 

j 18 E' ~E D" 

lig E" E D" 

{20 F' F F" 



!s 



7 B' C D D' *\ 

8 B" C D D' *J 

9 B'~C D D" 
10 B" C D D" 

ix B' C D E' 

12 B' C D E" 

13 B" C D E' 

14 B" C D E" 



III 



15 C' C D D' * 
16. C' C D D" 

17 c" CD D' 

18 C" C D D"* 



iv 



19 c' C D E' 

20 C' C D E'' 

21 C" C DE' 
23 c" C 



: DE' *\ 

:_D E" */ 



V 



23 D" E F F' *\ VT 

24 D" E F F"*/ V1 

25 E' E F F' *") 

26 E' E F F" * 1 __ 

27 E" E F F' *jVH 
- 28 E"-~E F~F" *J 



numbered 8 to 13 inclusive, which m turn are subdivided into 
four distinct groups as follows 

Group (a) 2 transitions, numbered 8 and 9, 

($) i transition, ,, 10, 

(?) i ,, ii, 

(5) 2 transitions, ,, 13 and 13 

Since the complete scheme involves thiee centric leanange- 
ments, A ^ B, C ^ D, and E ^ F, there are accoidmgly three 
classes of secondary tiansitions They are numbered i to 6, 
7 to 22, and 23 to 28 inclusive, lespectively Eighteen of the 
twenty-eight secondary transitions are asterisked and fall natur- 
ally into seven distinct groups as follows 



Group I 



II 

III 2 

IV 2 

V 2 

VI 2 

VII 4 



4 transitions, numbered i to 4 inclusive, 
2 5 and 6, 

7 8, 

15 18, 

21 22, 

23 24, 

25 to 28 inclusive 
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An eighth gioup, transitions 1 1 to 14 inclusive, does not embrace 
any contiaplex-diplex equihbua, consequently, it plays no part 
in the development of the piesent hypothesis. 

D. The Correlation of Oscillation Frequencies and Con- 
traplex-Diplex Transitions. 

The existence of seven distinct groups of secondary contraplex- 
diplex systems of equilibria constitutes the basis of the correlation 
of the seven absorption bands of benzene The oscillation fre- 
quencies of the heads of these bands as determined by Baly 
and Collie are as follows 

Band Oscillation 

frequency 

One . 3725 

Two . . . 3765 

Three 3830 

Four 3915 

Five 4025 

Six 4110 

bcven 4200 

In attempting to con elate the seven gioups of secondary 
contraplex-diplex equihbi la with the above oscillation frequencies, 
let it be assumed that the number of transitions in each of the 
seven gioups functions successively and collectively m the pro- 
duction of the seven bands Natuially two, the smallest number 
of secondary transitions contained in a single gioup, may then 
be assumed to function in the production of the band of lowest 
frequency, namely, band One, 3725. On the other hand, since 
thete aie altogether twenty-four contraplex-diplex transitions in 
the complete system, it may likewise be assumed that all of these 
function in the production of band Seven of highest fiequency, 
4200. In othei words, the vibiatkms of two secondaiy contra- 
plex-dtplex tianbitions aie synchionous with light waves of fre- 
quency 3725 , while the vibrations of twenty-four (i.e, eighteen 
secondary plus six pnmaiy) contiaplex-diplex transitions are 
synchionous with light waves of fiequency 4200 

These assumptions iclative to the origin of bands One and 
Seven are of no merit or value unless some means is at hand of 
deteimimng the numbeis of transitions involved in the production 
of each of {he five remaining bands. Furthei more, these numbei s 
must be whole numbers since the present hypothesis requires 
that they be the sums of the transitions in the secondaiy groups 
I. to VII. inclusive, and the transitions in the pnrnary groups, 

13* 
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a, /3, y, and 8 In other words, a lineal function must be shown to 
exist between the oscillation frequency of each of the seven bands 
and an integral number of contiaplex-diplex transitions The 
possibility that the frequencies of the absoiption bands of benzene 
are a function of a senes of whole numbeis is suggested by the 
discovery of Balmer, 122 that the wave-lengths of the lines in the 
hydrogen spectrum are a function of successive whole numbeis. 
His formula, 



A, = h- 



10" 



m which h = 3646 13, and m is given the values 3, 4, 5, 6, etc , 
is only one of several showing the existence of similai senes in 
the line spectra of various elements 

A similar relationship becomes appaient if the oscillation 
fiequency 3725 (band One) involving two transitions and 4200 
(band Seven) involving twenty-four transitions seive as two 
points in a system of rectangular co-oidmates , namely (3725, 2) 
and (4200, 24) The calculated equation for a straight line 
passing through these two points is y - 21 591.3? + 3681 818 
in which (y) is the oscillation frequency of a given band and (x] 
is the number of contraplex-diplex transitions functioning as the 
origin of the given band Assuming on the one hand that the 
frequencies (y) as determined by experimental obseivation are 
absolutely correct, the corresponding numbers of transitions (x) 
involved therein may be calculated On the other hand, em- 
ploying as values for (#) those whole numbers which are most 
closely approximated by the previously calculated values of (*), 
the corresponding values of (y) may m turn be ascertained 
Thus theoretical and actual values may be compai ed. In Table 
No I 

TABLE No i 
(y = 21 591-1. + 3681 818 ) 



A 


B 


c 


D 


E 


F 






(A-B) 






(D - E ) 


2 OOO 


2 


O 000 


3725 


3725 ooo 


000 


3 53 
6863 


4 
7 


- 0147 
- 0137 


3765 
3830 


3768 181 


- 3 181 


10 800 


ii 


- O 2OO 


3915 


39*9318 


-4318 


19832 


16 

20 


- o 105 
- o 168 


4025 
4110 


4027 272 
4113 636 


- 2 272 

- 3 636 




24 


o ooo 


4200 


4200 ooo 


o ooo 



ULTRA VIOLET ADSORPTION SPECTRUM OF BENZENE 197 

column A contains the calculated values for (x) , column B, the 
seiies of whole numbeis most neaily appioximated by the 
calculated values of column A , column C, the diffeiences between 
values in columns A and B , column D, the oscillation frequencies 
as expeiimentally detei mined by Baly and Collie, column E, 
the calculated fiequencies (7) conespondmg to the assumed 
whole nurnbei values foi (Vt) in column B , column F, the diffei- 
ences between the actual fiequencies in column D and the 
calculated fiequencies of column E 

The values in column A appioximate veiy closely the whole 
numbeis in 15 as is evidenced by the column of diffeiences, C 
This fdvouis the assumption that the oscillation frequencies are 
a function of whole number Fiutheimoie, the fiequencies in 
column D calculated upon this assumption appioximate the 
actual fiequencies in column E as is evidenced by the column of 
diffeiences F, which aie practically within the limits of en or of 
expenmental observation. 

The calculated values of Table No. I aie based upon the 
assumption that the fiequencies of bands One and Seven aie 
absolutely conect while the fiequencies of the intermediate bands 
weie not consideied in detei mining the equation of the line le- 
latmg frequencies and the numbeis of contiaplex-diplex transi- 
tions. Numeiical values of gieatei significance aie to be found 
in anothei equation, namely, y = 21 60631 + 3679296, which 
ib derived by aix application of the method of least squares to the 
iv hole numbcii> (r) and the. actual 1 oscillation frequencies (y) taken 
fiom columns A and D of Table No 2 

TABLE No 2 
(y at 6063 v -|- 3679 aqG.) 



A 
7 
n 
16 
20 
2| 



B 


C 


D 


L 


F 




(B A) 






(D~E) 


j'xiS 


+ O'XI? 


3725 


3722 509 


1 2491 


V966 


- O'OH 


^5765 


3765 721 


- o 721 


G ()75 


- o o5 


3830 


383 540 


- 0540 


lO'CJCXJ 


- o ogi 


3915 


3916-965 


- 1965 


rO'ooo 


O'i'CK) 


4025 


40.3/1 996 


-1- o 004 


T9M 


- o 066 


<|IIO 


(j ar<|2x 


- 1 421 


2iJ'OQ9 


I 0-099 


<|SOO 


4197 8,|7 


+ 2 153 



The deviations, column C, of the calculated numbers, column 
B, fiom the assumed whole numbers, column A, are so slight as 
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fully to warrant the assumption that the oscillation frequencies 
of the seven bands, column D, are a linear function of the corre- 
sponding whole numbers, column A, which aie the numbers of 
the contraplex-diplex transitions involved therein. This hypo- 
thesis is further substantiated m that the deviations, column F, 
fiom the experimentally determined values, column D, are well 
within the limits of error of experimental observation. The 
probable error m the value of any of the oscillation frequencies, 
as calculated by Peters' foimula, is only I 328 

This remarkable relationship between the series of seven 
whole numbers and the oscillation frequencies of the seven ab- 
sorption bands of benzene (columns A and D respectively of 
Table No 2) is graphically illustrated m Fig 2. The seven 
whole numbers (X-axis) and the corresponding oscillation 
frequencies (Y-axis) peimit the location of seven points in the 
system of rectangular co-ordinates A line drawn through each 
of these seven points is practically a straight line This, in 
conjunction with the data of pieceding Tables i and 2, both 
warrants and substantiates the hypothesis that the oscillation 
frequencies of the heads of the absorption bands of benzene aie 
a linear function of the numbers of contraplex-diplex transitions 
involved in the system of dynamic equilibria of the electromeis 
of benzene 

E. The Origin of Each Absorption Band. 

One other question remains to be considered , namely, that 
of the possibility of relating each of the seven absorption bands 
to its proper source It has been assumed that the vibiations 
of two secondary contraplex-diplex transitions are synchronous 
with light waves of frequency 3725 (band One) while the vibia- 
tions of twenty-four, i e , the eighteen secondary and the six 
primary contraplex-diplex transitions, are synchronous with 
light waves of frequency 4200 (band Seven) The intervening 
whole numbers, 4, 7, 11, 16, and 20, represent the numbers of 
transitions similarly involved in the pioduction of bands Two, 
Three, Four, Five, and Six, respectively Of the seven distinct 
groups of secondary phasotropic equilibria, one and only one 
group of transitions is related to band One These two tiansi- 
tions of one group plus two transitions of one other of the seven 
groups gives four which are related to band Two In turn, these 
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four plus three othei transitions gives seven which are i elated to 
band Thiee. In this manner the enthe series of whole numbers, 



4200 



4100 



4000 



d 3900 



3800 



3700 



/ 



l\ 



^ 
2 4 6 8 10 12 14 16 18 20 22 24 26 28 ^ 

CONTRAPLEX- DIPLEX TRANSITIONS., 

FIG, 2, Benzene m Alcohol (Baly). 

2, 4, 7, n , 1 6, 20, 24 may be built up, but each increment in the 
series must involve the addition of the transitions of one and only 
one of the seven groups of secondary contraplex-dtflex equilibria, 
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while one or move of the primal y groups may or inay not be added 
This condition preserves the correlation of the seven gioups of 
secondary phasotropic equilibna with the seven bands in a con- 
sistent and symmetrical manner 

The following scheme embodies such an anangement of the 
several gioups of transitions, and should be studied in conjunction 
with the tables of primary and secondaiy phasotiopic equihbiia 
and the complete system of the electi omei s of benzene in 
dynamic equilibna. The groups of seconclaiy equilibna aie 
designated by the Roman numeials I to VII. inclusive and the 
primary equilibria by the letters a, /3, 7, and S , while the sub- 
script numeral is the number of tiansitions involved in the given 
group For example, (IV 2 ) signifies the two secondaiy 
contraplex-diplex transitions, namely, C' == C == D == D' and 
C" == C =^ D ^ D", of group IV , (/9J signifies the one pnrnaiy 
contraplex-diplex transition, namely, C' ^ C == C", of group (3. 
The symmetrically evolved scheme relating each of the seven 
absoiption bands to its possible souice is as follows > 





Origin 


Number of 


Band 


liauMtions 




Involved 


One 


IV, 




z 


Two 
Three 


IV + 

IV'o-t- 


{HI 2 orV 2 ) 
IIIo + V + (ft or 7j) 


4 
7 


Four 
Five 


1V + 

iv; + 


III 2 + V 2 -f (ft or 7j) + (IL or VI ) + ( or 5,,) . 

mi \f i n i TTTTT ** . ** 
2 + V 2 + ft + 7j + II 2 + VI + 2 + 5,, 


it 
16 


Six 


IV, + 


III S + V 2 H- ft + 7i + II- + VI," + a + S a "+ (I 4 or VII j) 


20 


Seven 


1V 2 + 


III 2 H- V 2 + ft + 7l + Ii; + Via + a" + S,, + I 4 + VII j 





Note that the tiansitions of group IV. involve the centric 
electrorners C and D which constitute the nucleus, so to speak, 
of the complete system of dynamic equilibna of the electromeis 
of benzene Accordingly, the other groups of tiansitions are 
successively and collectively embraced, producing m a natural 
sequence the series of seven whole numbers which are functions 
of the oscillation frequencies of the seven bands, and which 
represent the number of specifically indicated contraplex-diplex 
transitions involved in the production of each band respectively. 
The conception that contraplex-diplex transitions occasion 
the absorption of light in carbon compounds is extended, m the 
next two chapters, to the dynamic formula and the absorption 
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spectra of chlorobenzene, bioraobenzene, and naphthalene, with 
the uniform icsult that the oscillation frequencies of the absorp- 
tion bands aie functions of the numbers of contraplex-diplex 
transitions involved in the systems of dynamic equilibria of their 
elechomeis 



CHAPTER XIX 

ABSORPTION SPECTRA AND DYNAMIC ELECTRONIC FORMULAE OF 
CHLORO-, BROMO-, AND IODO-BENZENE 

THE puipose of the present chapter is to test the validity of the 
absorption theory (just developed in i elation to benzene) by ex- 
tending it to the ultiaviolet absorption spectra of chloio- and 
biomobenzenes In this connection, the non-selective absoiption 
of lodobenzene requires an explanation 

The existence of a rule has been indicated This rule, a 
linear relationship (y = sx + b\ involves definite numbers (x] of 
contraplex-diplex transitions occurring within the systems of 
phasotropic equilibria of the electromeis of the compound, and 
the oscillation frequencies (y) of its absorption bands In this 
and subsequent chapters, contraplex-diplex transitions will be 
termed absorption transitions In othei woids it will be maintained 
that the oscillation frequency (y} of the head of a given band is 
a linear function of the number of absorption transitions (#) which 
function as the origin of the band of fiequency (y) 

Purvis 123 undertook the investigation of the absorption 
spectra of chloro-, bromo-, and lodobenzenes in older to ascei- 
tam (r) the nature of the absoiption of the radiant energy, and 
(a) how far the displacement of one atom of hydrogen of benzene 
by chlorine, bromine, or iodine, affects the type of absorption 
when the compounds were m the vapour state, m solution in 
alcohol, or in very thin films Theiefoie, the piesent chapter is 
limited to a discussion of the effect of the displacement of one 
hydrogen atom of the benzene molecule, by the halogens noted 
above, upon the absorption spectra of the compounds in solution 
(a] m alcohol, and (3) in thin films. The purpose of the present 
development is threefold 

(1) To compare the data of Purvis with the data of Baly 
concerning the oscillation frequencies of the absorption bands of 
chlorobenzene when dissolved m alcohol. 

(2) To compare and interpret the differences in the values of 
the oscillation frequencies (according to Purvis) of the absoiption 

202 
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bands of chloiobenzene and tuomoberuene under diffeient 
physical conditions, namely () when the substances aie dissolved 
in alcohol, and (<) when the substances aie in the foira of veiy 
thin films 

(3) To piesent a new explanation of the non-selective absoip- 
tion of iodobenzene 

riuvis 1 "* found that alcoholic solutions of chloiobenzene 
and biomobeiuenc of eqmmolai concentiations, thiough equal 
thicknesses, exhibit seven wide diffuse bands which aie compai- 
able in appeal ance, and aie shifted a little moie towaicls the less 
icfiangible end ol the spectuim m the biomobenzene solution 
Pui vis thus demonstiated that the eailiei investigations of Baly 
and Collie/" 5 and Baly and Ewbank/ 29 weie incomplete because 
they failed to locate and determine the positions of the entire 
seven bands of these compounds Subsequently, Baly lsr again 
tmcleitook the investigation of the absoiption spectia of chloio- 
benzene and found teven bands, the same numbei previously 
established by Puivis The positions of the heads of the bands, 
as detei mined by I'm vis in wave-length values (X), have been 
conveited in the piescnt discussion to the conesponding values 
in oscillation fiequencies (i/V) so that companions maybe made 
leadily with the data of Baly, originally given in oscillation 
fiequencies Fin thei more, it is an advantage to have all data 
lecordetl in oscillation frequencies since the mle tindei considera- 
tion states that the oscillation frequencies aw linear functions of 
the abso) ption tta)t\ition\, 

The following Table I, includes the oscillation frequencies of 
the absoiption bands of benzene, chloiobenzene, and biomo- 
ben/ene hi alcoholic solution; and chloiobenzene and biomo- 
benzene in very thin films. Iodobenzene shows no absoiption 
bands, 

TABLE I. 



Number 
of 


CH(s . II 
Solution 


C(,II B . Cl 
Solution 


Calls Cl 
Solution 


Caltfl re- 
solution 


Call. Cl 

in Hlnw 


Colin Br 
in I'llins 


Band, 


(Baly). 


(Baly). 


(Purvis) 


(Puivh) 


(Purvis), 


(Puivis) 


One 


37SS5 


j68a 


3G8S 


3679 


3674 


3670 


Two 


37^5 


3777 


^781 


3775 


3772 


3768 


Three . 


3^30 


3825 


3I4 


3821 


3i8 


3815 


Four 


39*5 


3878 


3880 


3874 


3871 


3868 


Five 


4025 


3920 


393 


3917 


39W 


3909 


vSlX 


4110 


3975 


39^4 


3976 


397'! 


3971 


beven . 


4300 


4072 


4082 


4073 


4054 


4049 
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An inspection of the above table shows that chloiobenzene 
and bromobenzene eithei in alcoholic solution 01 m thin films 
display the same number of absorption bands as does benzene, 
namely, seven Fuitheimoie, the legions of selective absorption 
of these compounds are not widely different These facts lead 
to the conclusion that the absorption tiansitions which constitute 
the ongin of the seven absorption bands of benzene must function 
similarly as the origin of the seven absoiption bands of chloio- 
ben/ene and of bromobenzene Theiefoie, befoie considering 
m detail the origin of the absoiption bands of chlorobenzene 
and bromobenzene, it will be necessaiy to iccall buefly the 
relationship between the oscillation fiequencies of the seven 
bands of benzene and the numbers of absoiption tiansitions 
which are presented by its electiomers in dynamic equilibria. 

Within the complete scheme of dynamic equihbna of the 
electromers of benzene (see Fig i, p 188) theie are involved 
altogether twenty primary systems and twenty-eight secondary 
systems of phasotropic equilibria All of these transitions aie 
tabulated on page 194, but it is more convenient in the piesent 
chapter to refer to the following abbreviated Table II. which em- 
bodies only those transitions which function m the absoiption of 
light, namely, the contraplex-diplex or absoiption tiansitions 
These are indicated as gioups I. to VII and groups a, /3, y, 
and 5 

TABLE II 



fA'~ A-B B' /C' C D D' fB'-C C" 

A' A B B" 1V \C' r C DD" a \ B" C C" 

1A" A B B' 

A" A B B" v /C"~C D E' ft |C' C-C" 

v v \C" C D-E" 

/D' D D" 

/A'-A-B-C' JD" E FF' 

\A"-A-B-C' VL \D"E F-F" 



/B' C D D' 
111 \B"-C D D' 



_ E _ F _ F' 
E' E~F F" 
VI1 E" E F F' 
_E" E F _ F" 



/D'-D-E' 
\D' D E" 



A mathematical relationship between various groups or 
numbers of these absorption transitions and the oscillation 
frequencies of the seven absorption bands of benzene was de- 
veloped by means of the system of rectangular co-ordinates in 
section D of Chapter XVIII. 

Before extending this method of deriving the senes of 
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numbers of absorption tiansitions to chloiobenzene and bromo- 
benzene, it should be observed that each of these compounds is 
a mono-substituted denvative of benzene and the substituents, 
chlorine and biomme, aie saturated atoms possessing neither free 
not latent valences which might interfere in some manner with 
the centiic valences of the benzene nucleus Theiefoie, it is 
reasonable to assume fuither that the benzene nucleus in chloro- 
benzene and m biomobenzene is capable of undergoing the 
same centnc-reatrangements that aie chaiactenstic of benzene 
itself. Accordingly, chloiobenzene and biomobenzene would 
likewise present within the scheme of dynamic equilibria of their 
electiomeis the same total number of absorption tiansitions that 
aie common to benzene, namely, twenty-four. Hence the 
scheme of tiansitions foi benzene indicated in Table II (p 204) 
and Fig. I (p. 188) will apply equally to chloiobenzene and 
biomobenzene m the following discussion 

A- The Absorption Spectrum of Chlorobenzene in Alcoholic 

Solution. 

In the following Table III the oscillation fiequencies of the 
absorption bands of chloiobenzene in alcoholic solution (as separ- 
ately determined by Baly and by Purvis) and their lespective 
successive differences aie indicated Theie is also included for 
subsequent leference a thiid column containing the frequencies 
of the bands of biomobenzene and their successive differences, 
the observations being made upon the compound in alcoholic 
solution 

TABLE III 



Number 
of Band. 


Colin Cl 
(Uftly) 


Difibienu, 


(Purvis) 


One 


3(182 




3685 






95 




Two 


3777 




3781 


Thiec 


3845 


4 


381,1 






53 




Fom . 


3878 




3880 


Five 


3920 


42 


3923 






55 




SlX 


3975 




3984 






97 




Seven 


4072 




4082 



Difference 


Culls Br 

(Purvis) 


Diffeience 




3679 




gG 




96 




3775 




33 




46 




3831 




66 




53 




3874 




43 




43 




39*7 




6 1 




59 




3976 




98 




97 




473 
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The columns of diffeiences show that the greatest discrepan- 
cies occur in the fi equencies of bands Three, Six, and Seven These 
diffeiences aieof such mteiest as to wan ant a ciitical companson 
and discussion In oider to compare the data of Puivis with 
the data of Baly, some basis for companson must be selected, 
A basis of comparison piesents itself m the series of integial 
numbers of absorption tiansitions which aie functions of the 
frequencies of the seveial absoiption bands of chlorobenzene 
This series of numbers for chloiobenzene (in alcoholic solution) 
may be detei mined by employing the system of lectangulai 
co-ordinates according to the pi maples and method previously 
described in the study of the absorption spectium and dynamic 
formulae of benzene 

First, the application will be made to Baly's data on the 
absorption spectra of chlorobenzene in alcoholic solution In 
the following Fig 3, the frequencies aie indicated on the Y-axis 
and the absorption transitions on the X-axis Accoiding to 
the present hypothesis the entne 24 absorption tiansitions 
function as the origin of the band of highest frequency, namely, 
4072, hence the point (4072, 24") Now there can be found 
passing through this point only one straight line which will intei- 
sect the abscissae from the frequency values (Y-axib) at points 
which have corresponding values on the X-axis (absoiption 
transitions) approximately equal to whole numbers This stiaight 
line passes through the points (4072, 24) and (3682, 8) involving 
the bands of highest and lowest frequencies respectively, and the 
series of whole numbers of absoiption tiansitions which aie the 
linear functions of the fi equencies of the seven bands of chloio- 
benzene are thus found to be 8, 12, 14, 16, 18, 20, 24 The 
line which relates these numbeis with the corresponding fre- 
quencies is an appioximately straight line. It is impoilant to 
note that accoiding to the present hypothesis this line should be 
absolutely straight piovided that the data foi the oscillation 
frequencies as determined by Baly are absolutely correct. Be 
this as it may, the deviations from the straight line aie so slight 
that the series of whole numbers thus ascertained will heic be 
provisionally accepted and employed for purposes of companson 
in their lelation to Baly's data for chlorobenzene in alcoholic 
solution On the other hand, if the values foi the oscillation 
frequencies as determined by Purvis be as neaily coriect as the 
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data of Baly , they should be i elated likewise to the same series 
of whole numbers of absorption tiansitions Theiefore, an 
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24 6 8 10 12 14 16 18 20 22 24 26 28 
ABSORPTION TRANSITIONS. 

I?io, 3 Chlorobenzene in Alcohol (Baly) 



X 



application of the hypothesis to the data of Puivis naturally 
follows 

In the following Fig. 4 the frequencies of the absorption 
bands of chlorobenzene in alcoholic solution as determined by 
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Purvis are indicated on the Y-axis , the absoiption transitions, 
on the X-axis Band Seven of highest frequency, 4082, involv- 
ing 24 absoiption transitions, establishes the point (4082, 24) 



Y 



4000 



ui 

o 

z 

3 3900 
cr 
u 
a: 

L. 

2 

O 



J 

1 380Q 
u 
w 
O 



3700 



3640 




2 46 8 10 12 14 16 18 20 22 24 E6 28 ~ 

ABSORPTION TRANSITIONS 

FIG 4 Chlorobenzene in Alcohol (Puivis) 

Now, in this instance there cannot be found any straight Hue 
passing through this point which will mteisect the abscissae from 
the frequency values (Y-axis) at points which have conespond- 
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mg values on the X-axis (absoiption transitions) approximately 
equal to whole numbeis Furthermore, if the seiies of whole 
numbeis related to Baly's data be applied to the data of Purvis, 
the line which i elates these whole numbers with the correspond- 
ing frequencies is not a straight line (see Fig 4) Therefore, 
in teims of the present hypothesis, the values foi the fiequencies 
of the absoiption bands of chloiobenzene in alcoholic solution 
as detei mined by Puivis aie not as accuiate as the conespondmg 
values determined by Baly. Furthei evidence of the paitial 
inaccuracy of the data of Put vis on chloiobenzene becomes 
evident when his data on bromobenzene in alcoholic solution aie 
compared with Baly's data on chloiobenzene. 

B. The Absorption Spectrum of Bromobenzene in Alcoholic 

Solution. 

Again, if leference be made to Table III , it will be obseived 
that there is a remarkably close agieement between the values 
for the oscillation fiequencies of the absoiption bands of chloio- 
benzene as detei mined by Baly and the coi responding fiequencies 
of the bands of bromobenzene as detei mined by Puivis This 
naturally leads to the assumption that the seiies of whole 
numbers (8, 12, 14, 16, 18, 20, 24) of absorption transitions 
which are linear functions of the frequencies of the bands of 
chlorobenzene aie likewise linear functions of the fiequencies of 
the bands of bromobenzene. That such is actually the case is 
shown by again employing the system of rectangular co-oidmates 
Fig. 5 shows how closely the seiies of numbeis of absorption 
transitions (X-axis) lend themselves to the formation of a straight 
line when plotted with the conespondmg frequencies (Y-axis) 
of the bands of bromobenzene. The data of Purvis aie employed 
m Fig 5 In other words, the piesent hypothesis shows that 
the fiequencies of the absoiption bands of chloro benzene, as 
determined by Baly, and also those of biornobenzene as de- 
termined by Purvis, are lineai functions of the same seiies of 
numbeis of absorption transitions. This is not quite the case 
with the fiequencies of the bands of chloiobenzene as detei mined 
by Purvis and discussed in the preceding Section A, Theiefore, 
they cannot be as comraensuiately exact as the conespondmg 
determinations of Baly. A moie definite, in fact, a rigid mathe- 
matical comparison of all of the data under consideiation will 

14 
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be presented as soon as the values foi the oscillation fiequencics 
of the absorption bands of chloiobenzene and biomobcn/ene in 
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ABSORPTION TRANSITIONS. 

FIG 5 Bromobenzene m Alcohol (Purvis) 



X 



thin films have been consideied. All of the data under con- 
sideration will then be subjected to an application of the method 
of least squares. 
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C. Absoi ption Spectra of Chlorobcnzene and Bromobenzene 

111 Thm Films. 

I'utvis has found that veiy thin films of those two substances 
exhibit .seven wide diffuse bands which ate computable in ap- 
peaiante and resemble the solution bands, but they aie shifted 
moio towaids the less lehangible unions The bands of the 
biomobeu/ene films ate shifted moie towaids the less icfiajigible 
legion than those of the chloiobcn/ene films The frequencies 
of the bands of these compounds and thoii tespective successive 
ddfeiences aie pi et.cn ted in the following 1 Table IV 



"Io of Htuul 



One 

T\\ o 

'J'hioe 

I 1 inn 

1'ive 

Six 

Srvcu 



e,,n f , ei 

( l bin l dm i ) 



TAHU', IV 
Ddlrunu', 

t,h 
I" 



htn 1'ilnv. ) 



S3 



78 



The columns of differences cleaily .show that the i el alive 
positions of the heads of the bands of each of these compounds 
aie identical Aceoidingly, the hequencies of the bands of 
chlotobenzene and of biomobeiuene in thin films likewise should 
bo i elated to the name series of numbers of abhoi ption tiansitions, 
This seiies, howcvet, cannot be the .same as that fot the bands 
of chlorobenzene and bromobenxene in alcoholic .solution because 
the relative positions of bands Six and Seven of the compounds 
in alcoholic solution are quite different from the relative positions 
of the same bands of the.se compounds in thin films, The 
maximum difference between the sixth and seventh bands in the 
fotmer ease is 98 ; in the latter case, Bo. 

The &eiie<? of numbers of absorption transitions which aie 
Imeai functions of the frequencies of the bands of chlorobenzene 
and of bromobenzene when in thin films may be determined 
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according to the method pieviously described for these com- 
pounds when m alcoholic solution In the following Fig 6 
the frequencies of the bands of chloiobenzene are indicated on 
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ABSORPTION TRANSITIONS 

FIG 6 Chlorobenzene m Thin Films (Purvis) 

the Y-axis; the absorption transitions, on the X-axis. Band 
Seven, frequency 4054, involving 24 transitions, establishes the 
point (4054, 24) through which only one straight line may be 
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found to pass which will inteisect the abscissae fiom the frequency 
values (Y-axis) at points which have con espondmg values on the 
X-axis (absoiption tiansittons) equal to whole numbers This 
line establishes the senes of tiansitions (5, 10, 12, 15, 17, 20, 24) 
which aie functions of the frequencies of the coiiespondmg bands 
(One to Seven) of chloiobeiuene in thin films The same senes 
of whole numbeis also functions foi the frequencies of the bands 
of biomobenzenc in thin films because the lelative positions of 
the heads of the bands of chloiobenzene and bromobenzene aie 
identical 

D. Application of the Method of Least Squares to 
Absorption Data. 

A more ngid mathematical compaiison of all of the data 
under consideiation in this paper is heiewith presented in the 
following Tables V, to IX inclusive 



TABLE V 
(in alcohol) j' = 24 <)iC6r -f 348). 905 



A, 


B (Baly) 


C 


D 


8 


3682 


3680 237 


+ * 763 


I<! 


3777 


3777 904 


- o 904 


*1 


3825 


3826737 


- 17=57 


16 


37 


387*5^70 


\ 2,|jO 


18 


3920 


3924'<1 C) 3 


- 4 403 


20 


3975 


3973 237 


-I- I 763 


21 


4072 


4070 903 


1 1-097 



TABLE VI, 
CHLOROBI N/i'Ni' (in alcohol), y = 24 9806 v -|- ^478*738 



A 


B (Purvn) 


C 


D 


H 


3685 


3678-583 


H- 6 417 


J!4 


378t 


3778 SOS 


+ 2495 


14 


I8r 4 


38^18 466 


- I4'466 


K) 


3880 


3878-4^8 


-1- IS72 


18 


39213 


39^8 389 


~ 5389 


30 


394 


397 350 


+ S'650 


24 


4083 


4078*272 


+ 37-8 
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TABLE VII. 
(in alcohol) y = 24 69041 + 3478 



A B 


(Purvis) 


C 


D 


8 


3679 


3676 047 


-1 * 953 


12 


3775 


3774 809 


+ TCJl 


I 4 


38^1 


3824 189 


- 3 J y 9 


16 


3874 


3873 570 


1- o 430 


18 


39*7 


3922 95 1 


- 5951 


20 


3976 


3972-332 


+ 3 668 


24 


4073 


4071 093 


+ i 907 




TABLE 


VIII 


CHLOROBENZENE 


(in thin filmb) 


y = 19 9717* -1- 3573 9 86 


A B 


(Purvis) 


C D 


5 


3674 


3673 844 + o 156 


10 


3772 


3773 75 - * 705 


12 


3818 


3813 646 + 4 354 


15 


3871 


3873 561 - 2 561 


*7 


3912 


3913 505 - i 505 


20 


3974 


3973 420 + o 580 


24 


4054 


453 307 -1- 693 



TABLE IX 
(in thin films) y 19 95481 + 3 "570*665 



A 


B (Purvis) 


C 


D 


5 


3670 


3670439 


- 0439 


10 


3768 


3770 213 


- 2 213 


12 


3815 


3810 122 


+ 4 878 


15 


3868 


3869 987 


- 1-987 


17 


3909 


3909 896 


- 0896 


20 


3971 


3969761 


+ i'^9 


24 


4049 


4049 580 


- 0-580 



In each of the above Tables (V -IX ), column A contains the 
theoretically determined series of whole numbers of absorption 
transitions which function as the oiigm of the con expending 
oscillation frequencies respectively indicated in column B The 
equation for the straight line for each table of data expresses the 
relationship between the number of absorption tiansitions (,r) 
and the corresponding oscillation frequency (y) In each case 
the equation was derived by applying the method of least squares 
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to the thcoictically detei mined numbeis of absoiption tiansitions 
(i) in column A, and the experimentally detei mined frequencies 
(/') in column B By means of these equations, values ior the 
oscillation hequencies have been calculated and aie indicated in 
column C The deviations o{ the calculated fiom the expeii- 
mentally del CM mined frequencies (i e , 15-C) aie recoided in 
column U 

It will be obseived that, with a lew exceptions, the deviations 
show a lemaikably close agieement between the calculated and 
the obsei veil lie'quenues Fmthetmoie, acntical test, both of 
the validity of the nile that the frequencies aie hneai functions 
of the numbcis of absoiption tiansitions, and of the accmacy of 
the data in question, may be found by calculating the values for 
the frohabt? a nn by means of the application of Peters* fot wida 
foi each of the columns of deviations in the above Tables V -IX. 
Of couise, it is untlcM stood that the teim " piobable euoi " does 
not mean that said enoi us more jnobable than any othei It 
signifies that in any subsequent obseivations the piobabiltty of 
committing, an CHOI giealei than the piobable eiioi is equal to 
the ptobabthty of committing an enot less than the piobable 
CHOI. Theiefore, the deteunination of the piobable euoi for 
each of the above' tables of data will give a numencal value 
which will lepiesent the lelative dcgmo of accuiacy of the scveial 
sets of data in the; above tables, and also jseive as a test of the 
validity of the uile. The following tabulation composes the 
lesiilts of the application of Petei.s' foimuta for the piobable euor 
of a single observation :-~ 

V.j 

r -o8,|S3 *"" , $v -- sum of the deviations foi each set 
*Jn(>t - i) 

of data ; number of measuiements of frequencies, namely 7, 
in each table of data. 



Tniili 



V. Chloiolmvt'iK' ni alcohol 

VI. ,, (Put vis) 
VII, 



VIII. Chloiobetucne ,, thin hlm-i 

IX. Biomobcii/ene ., .. ,. 



1*507 
t'595 



A comparison of the values in the above table shows that 
the piobable error of a single observation for each table of data 
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(with the exception of VI and possibly VII, i e , chloiobenzene 
and bromobenzene m alcohol according to Puivis), is practically 
within the limits of error of experimental obseivation 

The developments presented in this chapter wan ant the 
following conclusions 

(1) The oscillation frequencies of the absorption bands of 
chlorobenzene and of bromobenzene, either in alcoholic solution 
or in thm films, are linear functions of a coi responding senes of 
whole numbers In terms of the present hypothesis, the whole 
number which is i elated to a given frequency represents the 
number of absorption transitions which function as the origin of 
the band of given frequency. 

(2) One series of numbers of absorption transitions applies 
equally to the data for chlorobenzene (Baly) and biomobenzene 
(Purvis) when observations were made of the compounds in 
alcoholic solution 

(3) Another series of numbers of absorption transitions 
applies equally to the data of Puivis for chlorobenzene and for 
bromobenzene when observations were made of the puie sub- 
stances m thin films 

(4) The probable errors for the observations of the substances 
m thm films ate not only more nearly equal but they are also 
smaller than the conesponding probable errors for the obseiva- 
tions of the substances in alcoholic solution. 

(5) The possibility of representing the frequencies of the 
absorption bands of a compound as linear functions of a series 
of whole numbers affoids a means of determining the lelative 
accuracy of the observations For example, the data of Purvis 
for chlorobenzene in alcoholic solution (Table VI ) do not con- 
form to this condition as is evident in Fig 4 Furthermore, 
the probable error for this set of observations is not commensur- 
ate with the probable errors for the othei tables of data, and 
therefore indicates greater errors in the determinations of the 
frequencies of the absorption bands of chlorobenzene than in the 
other data under discussion 

E. The Origin of the Absorption Bands. 

There now remains for consideration the possibility of re- 
lating each of the seven absorption bands of chlorobenzene 
and bromobenzene to its probable source In other words, in 
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tcims of the ptesenl hypothesis each absoiption. band owes Its 
oiigm to the existence of contain tuimbeis and gioups of absoip- 
tion tiansitions. The gioups of absoiption Uansitiom, which 
aie common to ben/ene, chloiobetuene, and biomobenzene have 
been indicated in Table II Ihe piinuplus, employee! in lelat- 
mg the seven bands of ben/ene to then respective gioups of 
absoiption tiansitious have been desaibed in Chaptet XVI II., 
Section 1C They aie applied, heiewith, in the same manner 
to the absoiption bands, of chloiohen/ene and biomobeiuene, 

Two dilfeient seiies of niunbeis of absoiption transitions 
have been indicated m this chaptei, namely, the series (8, 12, 14, 
i f>, 18, 2Oj 2.j) for etthei chlorobonzene or biomobenzene in 
alcoholic solution; and the senes (5, to, 12, 15, 17, 20, 24) foi 
eithei thlomben/eno or biomuben/ene in thin films Accoid- 
in^ly, the two diffeient schemes piesented in the following 
Tables X and XI embody the possible aiiangements of the 
seveial gionps of absoiplion tiansitions which may function as 

TARLK X 

Cllt OUOHT'N/1 Nl' AND BuoMOIll N/KN1' IN Af C 01IOMC Soi.U IION 



n tnti 












One 


IV, 




0. 


7 


, 


Two 


IV. 


tt . 


/! 


yt 


1 


Thm 


IV,, 


K . 


fa 


Ti 




Kout 


IV", 


, 


fa 


Ti 


8 J 


Ki\t 


IV* 


a 




Ti 


s* 


Si\ 


IV,, 


a. 


ft\ 


7i 


Bj 


St veil 
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2i8 THE ELECTRONIC CONCEPTION OF VALENCE 

the origin of the coi responding absoiption bands The notation 
is the same as that pieviously employed Foi example, the 
symbol IV 2 lepresents the two absoiption tiansitions of gioup 
IV , namely, C ^ C ^ D ^ D' and C" ^ C ^ D =^ D" 

In comparing the above schemes it will be obseived that the 
absoiption tiansitions of gioup IV. involve the centnc electiomeis 
C and D (see Fig i, p. 188) which constitute the nucleus, so 
to speak, of the complete system of dynamic equilibna of the 
electromeis of benzene, chloiobenzene, and biomoberucue The 
othei groups of transitions are successively and collectively em- 
braced, producing in a natural sequence the senes of seven whole 
numbers which are linear functions of the oscillation frequencies 
of the seven bands, and which may piobably lepiesent the 
number of the specifically indicated absorption transitions in- 
volved m the pioduction of the coiiespondmg absoiption band 

It has also been noted that the senes of numbeis of tiansitions 
related to the absorption bands of chlorobenzene and biomo- 
benzene in alcoholic solution is not identical with the senes of 
numbers of transitions related to the absorption bands of these 
compounds in thin films The explanation of this diffeience 
may be found in the fact that m alcoholic solution the molecules 
of the dissolved compound cannot be as closely compacted as 
they aie m thin films of the puie substance Consequently, the 
relative positions of the electromeis of the compound aie different 
and this m turn may lead to diffeient anangements of the vaiious 
groups of the electromers so that one series of gioups of tiansi- 
tions would function as the origins of the bands of the compound 
m solution while another series of groups of absoiption tiansitions 
would determine the origins of the bands of the compound in the 
pure state, that is, m thin films. 

F. The Non-Selective Absorption of lodobenzene. 

The absorption spectra of solutions of lodobenzene have been 
investigated by Pauer 129 who found no bands. Puivis 180 also 
studied the absorption spectra of vaiious concentrations of 
alcoholic solutions of lodobenzene, and of thin films of the pure 
substance No bands were found m eithet case, whereas each 
of the corresponding mono-substituted derivatives of benzene, 
chlorobenzene and bromobenzene, exhibited seven bands. This 



SPECTRA OF CHLORO-, BROMO-> AND IODO-BENZENE 219 

anomalous behavioui on the pait of lodobcnzene demands an 
explanation 

Puivis has offered the explanation that "the heavy iodine 
atom ib the conti oiling foice, and it clamps and dislocates the 
movements of the atoms of the benzene nucleus as well as the 
alkyl side chains, so that the lythmical oscillations or vibiations 
aie destioyed, and no selective absorption is possible". It is 
undoubtedly true that the mass, the intrinsic chaiactenstics, the 
onentation of the atoms of the benzene nucleus and its substi- 
tuents, and the physical conditions of the vibrating system, may 
all function in detei mining the natuie of the absorption spectia, 
but the absoiption hypothesis of Purvis and his explanation of 
the non-selective absorption of lodobenzene and its derivatives 
must be icgaided as deficient for the following reasons 

(1) Puivis fails to define the natuie 01 type of the rhythmical 
oscillations 01 vibiations of the so-called "oscillation centres", 131 

(2) The assumption tint the weight of the iodine atom in 
lodobenzene damps and dislocates the movements of the atoms 
of the benzene nucleus, theieby preventing selective absorption, 
is somewhat aibiti aiy in that it fails to take into consideration 
another equally piobable condition, namely, that the weights of 
other atoms, chlonne and bi online, which replace one hydrogen 
atom of benzene likewise may damp, or at least dislocate, the 
movements of the atoms of the benzene nucleus and, theieby, 
either altei or pi event selective absorption This, howevei, is 
not the case since chlorobenzene and bromobenzene each show 
seven absoiption bands the same nitmbei exhibited by benzene 
An inspection of the following tabulation fuithei emphasizes the 
significance of this cnticism 
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Column A contains the foimulse of the compounds under 
consideration. Column B indicates the atomic weights of the 
substttuents which replace one hychogen atom of benzene; 
benzene, in turn, being regarded as phenyl hydride, a mono- 
substituted derivative. Column C embodies data showing that 
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the chlorine atom which replaces one hydrogen atom is 35 17 
times as heavy as the replaced hydiogen atom of benzene 
Notwithstanding this veiy gieat difference in the ratio of the 
weights of the substituents chlorine and hydrogen, chloiobenzene 
shows the same number of absorption bands as does phenyl 
hydride or benzene Furtheimoie, the biomme atom which may 
be regarded as icplacing the chlorine atom is 2 25 times as 
heavy as the displaced chlorine atom, nevertheless, the lesult- 
mg compound, bromobenzene, shows seven absorption bands 
Finally, the iodine atom replacing the bromine atom is only 
1-58 times as heavy as the displaced bromine atom, but lodo- 
benzene shows no absorption bands Therefore, in view of 
these decreasing ratios of the weights of the substituents, hydro- 
gen, chlonne, bromine, and iodine, to one another, the non- 
selective absoiption of lodobenzene should not be attnbuted to 
the weight of the iodine atom How then is the non-selective 
absorption of lodobenzene to be explained? 

The present hypothesis has explained selective absoiption 
by the occurrence of definitely described reairangements of 
valencies within the electronic foimulae of the compound in 
dynamic equilibria These rearrangements, conti aplex-diplex 
transitions or absorption transitions, must be mtei fered with in 
some definite way if the selective absoiption of the compound 
is to be prevented Therefore, if chloiobenzene and bromo- 
benzene each shows seven absorption bands and lodobenzene 
shows none, it must be concluded that the chlonne and bromine 
atoms in chlorobenzene and bromobenzene do not pi event the 
occurrence of absorption transitions, but that the iodine atom in 
lodobenzene (or its derivatives) inhibits, in some manner, the 
occurrence of absorption transitions. Now the existence of 
absorption transitions has been shown to depend upon rearrange- 
ments of the centric valences of the nucleus. Accordingly, the 
non-selective absorption of lodobenzene must be due to the inhibition 
or prevention of the centric rearrangements of the benzene nuclei by 
the substituted iodine atom 

Why does not the substituted chlonne and bromine atom m 
chlorobenzene and bromobenzene inhibit centric rearrangements 
and thereby prevent the occurrence of the absorption tiansitions 
and the consequent selective absorption of these compounds? 
The answer to this question may be found in the particular 
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chemical natuie of the substituents chlonne, biomine, and iodine 
In chloioben/one and biomobei;uene the substitucnts aie com- 
pletely satin ated, i c , they foim no addition compounds thiough 
the mtei mediate agency of the chloiine 01 biomine atoms On 
the othei hand, the iodine atom in loclobenmie is unsatuiated 
since it combines diieetly with chloime to foim lodobeiuene di~ 
chloiule accoidui[> to the equation, 1>W 

CJl,,! I U1 B -> C fl Il 6 ICl a , 

The existence of the compounds, loclosobeiucne, C B H fi IO, and 
lodoxyben/ene, C fi iI s IO,, affoids additional evidence of the 
unsatuiated condition of the iodine atom in lodobenzene The 
conespondmg 1 denvatives of chloiobenzene and biomoben/ene 
aie unknown, 

The manner in which the unbatmated iodine atom inhibits 
the centiic i eau anyements of the benmie nucleus may be made 
evident by considenn^ fiibt the stiuctuial fomiuke of the com- 
pounds locloben/ene dichloude, lodoboben/ene, and lodoxyben- 
zene, namely, 

^\ ^o 

c a n 6 ~i( , C O II B -I--Q, Cjii.-jr' 
\ci ^o 

In lodobenzcnc, iodine ib imivalent; in iodobenzene 
chchloiide and lodosobenxene, teivalent ; m iodoxybenzene, 
qumqtievalent. In periodic acid, HI0 4 , btiuctuially icpiesented 



H .Q I C), the maximum valence of iodine is seven. Hence 

V) 

it may be concluded that the unsatuiated iodine atom in 
iodoben/ene may possess two, four, and posbtbly bix free or 
potential valences which may be repic\sented as follows ; 



This property of ceitain atoms to display a capacity for 
increasing their clegiee of saturation is well known, andgeneially 
the additional valences manifest themselves, or are called into 
play, so to bpealc, in pairs, Furtheimore, the two valences of 
such a pair are of opposite sign or polarity, Foi instance, in 
the reaction, NH 3 + HC1 -* NH^l, the nitrogen atom changes 
its valence fiom three to five, that is, the valence is increased by 
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two In terras of the electronic conception of positive and 
negative valences this icaction is repiesented as follows 



NH 3 = NH 3 = 



+ - 
NH + H - Cl = 



I- X H 



Analogously the iodine atom in lodobenzene mci eases its valence 
by two when combining with chlonne, thus 



CH 



C B H K 



-L 

-I + Cl Cl = C n H R 



Analogously the several possible degrees of satuiation of the 
iodine atom in lodobenzene may be repiesented as follows, the 
additional valences appearing in pairs 



C 6 H B 



C fi H r , 



CH K 



+ - 



In the last formula the iodine atom displays its maximum 
valence of seven One valence unites the atom to the benzene 
ring, and each of the three pairs of latent or potential valencgs 
comprises one positive and one negative valence 

Of the six centric valences of the benzene nucleus, thiee aie 
positive and three aie negative Hence, the centric valences 
maybe regarded as consisting of thiee pans of fiee 01 potential 
valences, each pair consisting of one positive and one negative 
valence Therefore, all of the free 01 potential valences of lodo- 
benzene may be indicated in the following sLiuctuial foimula 




H C 
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Now the unsatiuated valehces of the iodine atom and the 
centric valences of the benzene nucleus would most natmally 
engage or neutralize one anothei as may be indicated in the 
following foimula in which the substituted iodine atom has been 
placed in the centre foi the sake of symmetiy , 




This electronic formula definitely illustrates how the centric 
valences of the benzene nucleus may be eithei " bound " or in- 
teifeied with by the unsatiuated valences of the substituted iodine 
atom. Therefore, the non-selective absorption of iodobenzene 
natmally may be attributed to the unsaturated state of the iodine 
atom, the free or potential valences of which bind or mteifere 
with the centiic valences of the benzene nucleus, theieby inhibit- 
ing centiic learrangernents, and consequently pi eventing the 
occunence of absoiption transitions. 



CHAPTER XX. 



DYNAMIC ELECTRONIC FORMULAE AND THE ULTRAVIOLET 
ABSORPTION SPECTRUM OF NAPHTHALENE 

THE electronic conception of valence and the absorption-tiansition 
hypothesis have been applied, lespectively, to the constitution 
and to the ultraviolet absorption spectia of benzene, chloioben- 
zene, and bromobenzene They are extended, heiewith, to the 
constitution and ultraviolet absorption spectium of naphthalene. 

A. Electronic Formulae of Naphthalene. 

Benzene nuclei of the centric type were composed of the five 
electronic types of carbon atom (see p 49) Each nucleus em- 
braced three pairs of the combined types I. and V, II. and IV , 
or III and III , symmetrically co-ordinated. Only six centric 
electronic formulae, centric electromers of benzene, were possible. 
By extending this method of building up electronic formulae to 
the constituent atoms of the naphthalene molecule, two and only 
two, perfectly symmetrical centuc electromers are possible, 
namely, A and B of Fig 7 





Fie 7. 

Note that electioneer A is composed of caibon atoms of types 
I and V , B, of caibon atoms of types II , III., and IV , sym- 
metrically co-ordinated The inclusion of carbon atom of type 
III with types II and IV m electromer B is noted specifically m 
the two carbon atoms that are not united to hydrogen atoms. 
In other words, these are the two carbon atoms common to the 

224 
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two ben/ene nn^s which constitute the naphthalene molecule 
It is vety significant that the hydio^eti atoms in positions 
r, s, 6", and 8 ol the naphthalene u'ngaie negative while those in 
positions 3, .(, 5i 'mtl 7 ue positive, 

Jt is quite possible to inteiptet many of the chemical piopet- 
ties and le.ictions of naphthalene in teims of the pokmties of 
these hydnnjen atoms of the electionic fonnula of n.iphthalene, 
somewhat ah substitution in the beiuene nucleus, and many 
chemical pi open (its of ben/ene and its derivatives weie mteipieted 
fully in teims of the elettiontt foimula of benzene. This mono- 
i^iaph has limited its mteipietation of chemical leactions chiefly 
to ben/ene and its denvatives The electionic foimul.u of con- 
densed ben/,ene nuclei, such as naphthalene, until* acene, and 
phenanthione, are dealt with in i elation to phenomena of light 
absoiption and fluorescence. 

B. Systems of Dynamic Equilibria of the Elcctromers of 

Naphthalene. 

A complete scheme of the systems of dynamic equilibria of 
the elcrtiomeis of naphthalene is >iven in Fif4, 8 (p 226} The 
polanties of the valences which engage the hychogen atoms of 
naphthalene aie not indicated because they do not function in the 
centne learrangements and i elated systems of equilibiia, 

ICach electronic formula is to be unaided as the plane pio- 
jection of a space formula, The centric electiomei A is the 
intetmedfate phase between the three possible phasotiopic 
electromeis A', A", and A"'. By means of centtic icanange- 
ment, A, composed of caibon atoms of the types 1, and V,, may 
bo conveited into B, composed of carbon atoms of the types II,, 
III, and fV. fn turn, B functions as the intermediate phase 
between the pbasottopie electtotners B', B", and B'". This 
scheme presents six primary and nine seeondaiy systems of 
phasotiopic equilibria, Two of the primaiy and the nine 
secondary systems involve contraplex-chple^: tumsitions which 
are assumed to constitute both the structural ami the electronic 
explanation of the ultraviolet absorption spectrum of naphtha- 
lene. 

Before tabulating and discussing the several systems of 
contiapiex-diplex transitions, i.e., absorption transitions, it will 
be necessary to review briefly the relation between the absorption 
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spectrum of naphthalene and its chemical constitution as con- 
ceived by Baly and Tuck 183 




I 




C. The Absorption Spectrum of Naphthalene. 

Baly and Tuck state that " there are three absorption bands, 
namely, two narrow ones at i/X = 3125 and 3220 lespectively, 
and a broad band with its head at about i/X = 3700" In 
attempting to correlate the position of these bands with the 
constitution of naphthalene Baly and Tuck maintain that "from 
the ease with which naphthalene is reduced in hot alcoholic 
solution by metallic sodium to the dihydro compound (I.), 



ABSORPTION SPECTRUM OF NAPHTHALENE 227 




and the fuithei reduction to the tetrahydro compound (II ), this 
being the final ptoduct of the reduction, there is little doubt that 
one of the nngs is tiuly benzenoid, and the other contains two 
ethylenic double bonds, which according to Thiele's law, give 
then maximum effect at the two extremes, that is to say, 
at positions I and 4", Baly and Tuck then conclude that 
<[ Naphthalene thciefore would seem to consist of two rings, of 
which one is tiuly benzenoid, and the other contains two con- 
jugated double linkmgs Theie is no leason to insist that the 
two rings aie pcimanently endowed with one of the two above 
diameters, in fact it seems that the interchange of these chai- 
actets between the lings is peifectly possible, and no doubt is 
continually taking place." 

In seeking the ongin of the three absorption bands in the 
spectium of naphthalene, Baly and Tuck insist that the broad 
absorption band with its head at i/X = 3700 is due to the 
ben/enoid motions of the naphthalene molecule and attribute 
this band to that half of the molecule which is benzenoid in 
character On the other hand, they maintain that the two nanow 
bands at i/X = 3125 and 3220, which aie nearer to the led end 
of the spectrum than any of the benzene bands, must be due to 
the isonopesis between the benzenoid tautomensm of the ring 
and the ethylenic double hnkingb of the other half of the mole- 
cule. Hence naphthalene is lepiesented by the formula 




in which isorropesis between atoms 2 and 3 with the benzenoid 
system is indicated by the dotted lines. 

The foregoing suppositions of Baly and Tuck are open to the 
following three possible objections . 

(I) Since the naphthalene molecule is generally conceded to 

15* 
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be symmeli ically constituted and to confoini stiuctiually to eithei 
of the thiec following symmetiical types 





It natmally follows that any systems of vibiations of the naphtha- 
lene molecule should likewise be sytmneti ically developed and 
involve only symmetiical coiifiguiations 

(2) The fact that ceitam deiivatives of naphthalene (such as 
the pieviously noted dihydio-and tetiahycho-naphthalenes) seem 
to consist of two rings, one of which is tiuly ben/enoid while the 
othei contains two conjugated double hnkmgs, cannot be ac- 
cepted as pioof that naphthalene itself consists of two kinds of 
ungs Baly and Tuck paitially admit this objection in then 
statement that "theie is no icason to insist that the two ungs 
aie peiraancntly endowed with one of the two above chaiacteis ; 
in fact, it seems that the intei change of these chaiactets between 
the rings is peifectly possible, and no doubt is continually taking 
place ". This admission is incompatible with then fundamental 
assumption that one nng of the naphthalene molecule is ben- 
zenoid and that its vibiations pioduce band i/X ~ 3700, while 
on the othei hand the ethylemc ung peimits of isoiiopesis be- 
tween the atoms 2 and 3 with the ben/enoid system, theieby 
accounting foi bands i/X = 3125 and 3220, 

(3) The hypotheses of Baly and others fail to indicate the 
existence of any quantitative iclationship between the actual 
oscillation fiequencies of the absoiption bands and then pioposed 
dynamic foimulae 

In the pioposed electionic foimul<c foi naphthalene and in 
the systems of dynamic eqiuhbiia ol the vanous electromeis theie 
is perfect symmetiy both m the stiuctiue of the dectiomers and 
in the ttansitions they uncleigo, Moieovci, it is possible to show 
that a quantitative lelationship m the nature of a lineal function 
exists between the actual oscillation fiequencies of the absorption 
bands of naphthalene and the numbcis of absoiption tiansitions 
which may be specifically indicated m the systems of dynamic 
equilibria of the vanous electiomeis. 
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D, Correlation of Oscillation Frequencies and Absorption 

Transitions. 

Refemng to the complete scheme of dynamic equilibna of 
the electiomeis of naphthalene (see Fig 8), obseive that thcic oc- 
cins only one centnc leanangemcnt tiansition, namely, A =^ B 
The phasotiopic electiomeis, A', A", and A'", aie each clenved 
fiom the centiic clectiomer A and each contains five diplex double 
bonds They may theiefoie be icgaided as mutually equivalent 
in these systems of equilibria m which they aie involved On 
the othei hand, B', B", and B'", each denved fiom the centiic 
electiomei B, aie not mutually equivalent since B' and B" each 
contain five contraplex double bonds while B'" contains four 
contraplex and one diplex double bonds B' and B" may theie- 
ioie be legaided as mutually equivalent while B"' stands in a 
class by itself* Thus theie aie thiee gioups of phasotropic 
electiomeis, namely 

A' c A" c A"', each containing five diplex double bonds , 
B' -= B", each containing five contraplev double bonds , 
B'", containing one diplcx and four contraplex double bonds 

The piimaiyand secondary systems of phasotiopic equilibiia 
aie indicated in the following tables Those equilibna involving 
contiaplex-dtplex, 01 absoiption, tiansitions aie each followed 
by an asterisk 

Pnraary Syhtems Secondary Sybltm i 

A' A A" f \' A BB'" * 

A' A A"' I { A" A BB'" 

A" A A'" I A"' A BB'" '' 

B' B II" M.' A B -13' * 

B' B B'" * A" -A B ~B' 

B"B B'"* Tr ! A'" A- BB' * 

u i A' A- BB" h 

% A" A B-B" " 

VA"' A BB" * 

Only two of the pnmaiy systems (group a) piesent absoip- 
tion transitions The nine secondary systems are naturally 
divided into two groups. Group I. presents thice transitions, 
each of which involves B"' in dynamic equilibrium with A', 
A", and A"', respectively. Group II presents six transitions 

* This type of an electromer functions in the production of the fluorescence, 
band Electronic formulas in relation to fluorescence will be considered in the fol- 
lowing chapter. 
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involving B' and B" m dynamic equilibna with A', A", and A'", 
respectively Hence the following summaiy 

I Group a 2 absoiption transitions, 
Group I 3 11 11 
Group II 6 ,, ,, 

The correlation of the numbeis of these tKinsitions with the 
oscillation fiequencies of each of the bands in the ultiaviolet 
absorption spectrum of naphthalene must now bo developed 
The oscillation fiequencies of the heads of each of these b.mds, 
as detei mined by Baly and Tuck, aie as follows 

Band One i/A -= 3125 

Band Two T/A 3220 

Band Three , I/A = 3700 

Now the two transitions of gioup a and the thiee transitions 
of gioup I. (i e , five transitions), involve the electromei B"' which 
differs from each of the other phasotiopic electiomeis of 
naphthalene These five transitions may be assumed to function 
m the pi eduction of one of the absoiption bands, presumably 
band One of lowest oscillation frequency, 3125 In other woids, 
the vibrations of these five absoiption tiansitions aie assumed to 
be synchronous with light waves of fiequency 3125. On the 
other hand, there lemam the six absorption transitions of group 

II which do not involve the electiomei B'", Hence the 
vibrations of these six absorption transitions may be synchionous 
with lightwaves of frequency 3220, ie, band Two. In othei 
woids, the oscillation fiequencies 3125 and 3220 have been 
assumed to be functions of the whole numbers 5 and 6 lespec- 
tively The problem now demanding solution is the deteimma- 
tion of that whole number which is a function of the oscillation 
frequency 3700 of the lernaming band Thiee How is this 
number to be denved? 

Again, by employing the system of rectangulai co-oitlinates, 
it is possible to determine the number of absoiption tiansitions 
involved in the pi eduction of band Three. In Fig. 9, the 
frequencies are indicated on the Y-axis and the numbeis of 
contraplex-diplex transitions on the X-axis. Five transitions 
have been assumed to function as the oiigin of band One of 
frequency 3125, six transitions as the origin of band Two, 
frequency 3220 Now if a straight line be extended Jhiough 
the points (3125, 5) and (3220, 6) its extension will mteisect the 
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pcipendiculat fiom frequency 3700 at a point which has a corie- 
spondmg value on the X-axis equal to the whole numbei eleven. 
In othei woids, theie aie eleven absoiption tiansitions function- 
ing as the oiigm of band Thiee, frequency 3700. Fmtheimoie, 
it is lemaikable that this numbei n, as thus deuved, is equal to 
the sum of 5 plus In teims oi the absoiplion tiansition 
hypothesis this numental tesult peimits of only one conclusion, 
namely, th.it the five tiansitions which function as the oiigin of 
band One, and the six tiansitions which function as the oiigin 
of band Two, must function all togethei as the oiigm of the 
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ABSORPTION TRANSITIONS, 

Fus, q, Naphthalene (Baly and Tuck). 

bioacl band Thiee. In othei woids, the vibiulions of the entiie 
n absorption tiansitions aie synchionous with light waves of 
oscillation frequency 3700 

The scheme i elating each of the absoiption bands of naphtha- 
lene to its possible soiucc is piesented in tabulai foim as follows 
(the nomenclature is identical with that employed in the two 
ptecedmg chapters) : ~ 



Ihnd, 



3700 



I, I a, . 

ijVoj i n (l 



Number of 

Absorption Transitions 
Involved 



5 
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II 
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The equation for the stiaight line which i elates the whole 
numbeiSj 5, 6, and n, with the icspective frequencies 3125 
3220, and 3700, calculated accoidmg- to the method of least 
squares, is (y = 95 8871^ + 2645-1613) 

In the following table, column A contains the theoietically 
determined whole numbers icpresented by (x) , column B, the 
expenmentally detei mined oscillation frequencies icpiesentcd by 
(y} , column C, the frequencies as calculated fiom the equation 
y - 95 887i.r + 2645 



A 


B 


C 


D 


5 


3125 


3134 5968 


f o 4032 


6 


3220 


3220 4839 


- 04839 


II 


3700 


3699 9194 


+ o 0806 



Note that the deviations, in column D, of the calculated fiom 
the actual oscillation frequencies aie each less than one unit, a 
quantity exceedingly smaller than any deviation due to possible 
errors m experimental obseivation These lesults fuithei sub- 
stantiate the hypothesis that the oscillation frequencies, of the 
absorption bands of a given compound are functions of the 
number of absorption transitions involved in the systems of 
dynamic equilibria of its electromers 

The bearing of these developments upon the question of 
coloui and constitution is at once appaient since a colouied 
substance is one which exerts strong absoiption within the 
ordinary limits of vision Therefoie the pioposed absorption 
transition hypothesis which mathematically i elates absoiption 
and constitution should likewise function as the basis of the ex- 
planation of coloui in relation to constitution 
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FLUORKKCI'NCK IN RELATION TO IiLKGTUOWC PORMUL/K 

SiNt'K it has been possible to inteipiet the absoiptionof light 
In tetms of electiome founula: and absoiption tiansttions, it 
uatwally follows that fluoiescence, notably manifested by .such 
compounds as antluacene and phenantlnene, also may be mtei- 
pieted by means of electionic formula and a new type of contia- 
plex-diplex tiansition termed "Jlit0w\tenic ttwisitiwrs". 

Since fluoiescence is piocluced only when the incident rays 
contain vibutions which the medium is capable of absoibing, it 
foHows that the i elation between fluoiescence and absorption KS 
*\u a ceitaui extent leeiptocal Not only can absoiption of li^ht 
cause fluoiescence, but fluoiescence in many uises, as shown by 
.Buike, 111 ' 1 incieases the intensity of absorption. TIencc, it is the 
pin pose of the piesentchaptei to extend the electionic conception 
of positive and negative valences and of contraplex-diplcx 
transitions (as pieviously developed and illustiated in relation to 
ab.soiption .spectra in the thiee pieceding chapter) to the inter- 
pretation of the phenomena of fluorescence. In other wouls, the 
rclation.ship between chemical constitution and fluoiuscence will 
be consideied ftom the standpoint of the existence of contraplex- 
cliplex tiansitions within the systems of dynamic ecmihbiia of 
the electiomeis of fluoiesceut compounds, A comprehension of 
the pioposed fluorescence hypothesis necessitates, in the first 
place, a brief iev5ew of the loremost theories relating to fluor- 
escence and constitution, 

A Fluorescence Theories in Relation to the Electronic 
Fluorescence Hypothesis, 

A survey of fluorescent compounds by Rich, Meyer m led to 
hi.s " fluorophore " theoiy which, in its ouginal form, selves as 
an excellent means of classifying fluoiescent compounds, but it 

zaa 
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aflfoids no explanation of the i elation between chemical constitu- 
tion and fluoiescence 

As a result of the reseaichcs of J Staik un on ultiaviolet 
fluoiescence, Meyei inveitedhis foiraei view that the fluoiophoie 
is the seat of fluoiescence, and both Staik and Moyei, ljr have 
concluded that in aiomatic substances the hcn^ne nudcus is the 
earner of fluorescence, while the fluoiophoies and vanous sub- 
stituents act so as to bung the fluotescent vibiattons within the 
visible poition of the spectium The condensation of benzene 
nuclei accomplishes the same result 

The extensive icseaiches of Kauffmann 1<iK culminating in the 
lummophore and fluoiogen thcoiy also leach to the conclusion 
that in aiomatic compounds the benzene nucleus is the seat of 
fluorescence, but this is not evoked until two kinds of groups 
the auxochiorae and fluoiogen have been introduced Into 
certain positions The introduction of the auxochiome excites 
luminescence, thereby indicating the appi caching state of fluoi- 
escence The subsequent addition of a lummophoie perfects the 
piocess in the production of fluorescence 

Francescom and Bargelhm lao also admit the important part 
played in fluorescence by the benzene nucleus. Recognising that 
the observations of Meyer and Kauffmann aie concerned chiefly 
with visible fluoiescence, they claim that alt aromatic tomponnth 
are fluorescent and that it is pi e mature to attempt to explain the 
action of various substituent*;. Nevertheless, they classify sub- 
stituents accoiding to then action on the fluoiescence of the 
parent substance Those substituents which mci case the fluor- 
escence are called "auxofloies," and those which depress it, 
" bathoflores ". 

It is important to the development of the electronic fluoi- 
escence hypothesis to note that the common point of agi cement 
in each of the above theoiies is the tendency to relate the origin 
of fluorescence to the benzene nucleus, 

The relation between tautomenc change and fluoiescence 
was originally embodied rn the theory of Wiedemann, 140 that the 
molecule of a fluorescent substance exists m two forms, one of 
which is more stable than the other. The stable form absorbs 
the energy of light vibration, and is thereby transformed into the 
less stable modification which spontaneously passes back to 
the stable form, emitting the previously absoibed energy as the 
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fluoiescent light Wiedemann maintained that the two vancties 
of substance may be pioduced by the shifting of an atom within 
the molecule, and that the fluoicscent light is dnectly due to the 
vibiations in the cthei which aie set up by the motions of this 
atom. 

Hewitt's theoiy 111 of double symmetnc tautomeiism involves 
the conception of Wiedemann that a fluoiescent substance must 
exist in iiitei changeable forms. JKoi instance, anthiacene 
(Fig, 10), and di-phcnylpyi one-sulphate (b'tg 11) piesent the 
following changes : 







H.O.SO^H 





In either of the above figiues the molecule (la) passes to (II), 
and then to (I), whereupon the piocess is repeated in the icverse 
direction. The molecules (la) and (I//) aie chemically identical. 
Hewitt likens these changes to the movements of a swinging 
pendulum. The limiting positions m the amplitude of vibmtion 
correspond to forms (la) and (I/;) while the position ot iest, so 
to speak, is represented by fo m (II), 

It should heic be noted that the changes from one foim to 
another die accomplished hi two distinct ways : (i) In anthracene 
the changes ate clue solely to a rearrangement of the positions of 
t/ie double fwicfs, i.e., to changes in the duection of valences. 
(2) In di-phenyJpyrone-sulphate, the learrangement of double 
bonds is accompanied by a change in the position of a hydrogen 
atom. The significance of these changes fiom an electionic 
standpoint will appear m the definition of the teim " fluoiescence 
transition," which will be developed in a subsequent paiagiaph. 
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Let it now be iccalled that Wiedcmann maintained that 
fluoi escence was due to vibiations set up by the motion 01 the 
wandering of an atom, but Drude m has shown that the vibrations 
of the atom itself, or the group of positive elections must corre- 
spond to the infra-red portion of the spectrum, while the periods 
m the visible and ulttaviolet legion aie clue to dispei sional 01 
valency electrons Theiefote, the second foim of the substance 
leqimed by Wiedemann's theory need not be pioduced by the 
movement of an atom, but meiely by the change m position of an 
electron or va'ency Since any change in the position of an atom 
is accompanied by a change in the positions of the double bonds, 
it follows that Hewitt's examples of double symmetnc tauto- 
mensm given above will fulfil eithei one 01 both of these con- 
ditions 

From this brief leview of the foiemost fluoiescence theones, 
the following conclusions may be drawn -, 

1 i ) The 01 igm of fluorescence in ai omatic compounds is i elated 
in some way to the benzene nucleus 

(2) Physico-chemical evidence shows that the affinities of the 
benzene nucleus aie in a state of continual oscillation 

(3) Physical theones require the piesence of mobile negative 
electrons or valencies in the molecules of fluorescent compounds 

Therefore, any hypothesis which may be designed to expiess 
the relationship between chemical constitution and fluorescence 
must correlate these three conclusions 

B. Fluorescence Transitions. 

In the preceding chapteis it has been shown that absoiplion 
of light is due to the existence of contraplex-diplex tiansitions 
within the systems of phasotiopic eqiuhbiia of the various elec- 
tiorners of a given compound These electronic systems of phaso- 
tropic equilibria also serve as examples of double symmehic 
tautomensm Now note that any compound which contains a 
benzene nucleus (or condensed benzene nuclei) when considered 
from the standpoint of the electronic conception of positive and 
negative valence, will involve contiaplex-diplex or absoiption 
tiansitions within the primary and secondary systems of phaso- 
tropic equilibria of its electromers, and consequently must mani- 
fest one or more absorption bands in its spectium. Now since 
fluorescence is produced only when the incident rays contain 
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vibiations which the medium is capable of abboibmg, it uatiually 
follows that the function of the beiuene nucleus in fluoiescent 
compounds is to make possible the absoiption of light as the 
lesult of the existence of contiaplex-diplex tiansitions. Thus 
the three conditions noted above aie couelated, and an explana- 
tion of the factoi of absotption in the phenomenon of fluoiescence 
is theieby affoided 

The various theories on fluoieseen.ee and chemical constitu- 
tion have failed to explain the laetoi o( absorption in connection 
with the lelatums between the wave-lengths of the absoibed and 
the flnoiescent 01 emitted h-jht It has been shown that incident 
light of a given wave-length may excite a fluoiescence consisting 
of seveial diffeient iay,s, and, conveisely, a given lay in the 
fluorescent spec-tin m may conespond to absoibed light of diffeient 
wave-lengths. JIovv aiu these facts to be inteipieted m tcims of 
contiaplex-diplex tiansitions? In othei woids, what conditions 
*in the making and bieakm^ 01 icaiiangement of contiaplex and 
of diplex double bonds tould be assumed to cause the emission 
o( light of an oscillation frequency diffeient fiom that which is 
absoibed i* An anwvei to this question may be found in the 
following definitions of two pos.sible types (I and II) of con- 
tiaplex-diplex tiansitions. 

Let A l and A a repiesent two eluctiomei.s of a given compound 
in phasotiopic eqmlibnmn with one another Also, let ^ and d z 
be the number of diplex double bonds, and r t and <? 2 be the 
number of contiaplex double bonds in Aj and A a lespectively, 
Now if f/j (? and t { <,,, then in the equilibuum A l *& A 2 theie 
would 1>e no c<mti\iplx-diplux transitions, hence neither absoip- 
tion of light nor lluoiescencc, (3n the othei hand, if t^ is 
unequal to </,, or if ^ is unequal to i> t i e,, <-/ t \ ti^ 01 t l fj r a , 
theie would result two types (L and II.) of contmplex-diplcx 
tr.uihitions in the cqiulibuum A t ^ A a . 

Type L When r/, i a and e l ^ the equihbtium A 1 =^= A a 
would involve contraplex-dtplex: transitions in which the number 
of diplex double bonds in one electromer is equal to the number 
of contraplex double bunds in the other electromei, In other 
words the number of diplex bonds in one electromer is balanced 
by an equal number of conttaplex bonds in the other electromer 
Such a condition, fully descnbed and exemplified in picceding 
chapters, constitutes the origin of a absorption band, that is the 
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absoiption of light of a definite oscillation frequency synchionous 
with the late of transition fiom the one electiomei to the other. 
For convenience miefeience, contraplex-chplex: tiaiibitions of this 
type have been and will be teimed "absoiption tiansitions" 

Type II When d i =j= j, 01 r t =[~ d^ the eqmlibuum A t ^ A a 
will involve contiaplex-diplex transitions in which cithei the 
number of diplex double bonds of the one electiomei is 
unequal to the numbei of contiaplex double bonds of the other 
electiomei, or vice veisa Such a condition could be pioductivc 
of two results simultaneously (i) The absoiption of light of a 
given frequency since some of the diplex 01 contraplex bonds of 
the one electioneer are in equihbuum with, 01 aie balanced by, 
an equal number of contiaplex 01 diplex bonds, i espectively, in 
the other electioneer (2) The existence of a lesicliuil numbei of 
unbalanced double bonds which do not function in the absoiption 
of light, must function in the emission of light of a frequency 
different from that which is absoibecl, hence fluorescence,* 
Contiaplex-dtplex tiansitions of this type (II.) will be teimed 
" fluoiescence tiansitions ", 

The seveial conditions descubed above may be summamcd 
as follows 

When c v = c 2> and d = d^ the tiansition A t == A a causes 
neither absorption nor fluoiescence 

When ^ =f c z , or d l =f 4. two types (I and 1 1.) of conliaplex- 
diplex transitions aie possible 

Type I. When ^ = A and ^ = 4, tiansition Aj ^ A a 
produces absorption only. 

Type II When ^ =f ^ or ^ $ 4, tiansition A t ^A a 
occasions simultaneously, (i) absorption, and (2) emission of 
light, hence fluoiescence 

A general hypothesis may now be stated, namely, tlut a sub- 
stance manifests fluorescence whenever ivithm the systems ofdynamit 
equilibria of its electrom&rs the number of diplex double bonds under- 
going rearrangement is unequal to the number of contraplex double 
bonds simultaneously undergoing rearrangement 

From the method of its development it is evident that this 
hypothesis embodies the fundamental features of each of the previ- 
ously noted theories. It will now be extended to the dynamic 
formulae and fluorescent spectra of anthracene and phenanthiene 
vapours. 
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C. Fluorescent Spectra of Anthracene and Phenanthrene. 

Elston 11 ' has nude an exhaustive study of the fluoicscent 
and absoiption spectia of anthiacene and phenanthiene vapours 
and states that " the fluotescent spectium of antluacene vapouis 
consists of thiee hnght hands at 390, 41 5, and 432 ^ supei posed 
upon a continuous teflon extending fiom 365 to 470 pp Theie 
is no evidence of lines When the fluoiescent spectium of puie 

phenanthiene vapoui was photogiaphcd, it was found to consist 
of the same hands as th.it of antluacene, but with an additional 
band at 360 /^u," Klston then concludes that " theie is an 
intimate connection between the fluoiescence of the vapouis of 
the two isomenc substances, undoubtedly due to then common 
chemical composition (C U 1I 1() ) and similai sttuctuial composition 
, Just what gives use to the extia band in the fluoiescent 
spectium of phenanthiene is not apparent" 

Klston is undoubtedly conect in stating that theie is an 
intimate connection between the fluoiescence of the vapouis of 
the two substances but this cannot be attiibuted entuely to their 
similai sttuctuial composition, While antluacene and phenan- 
thiene each consists of thiee condensed ben/ene nuclei the 
position of the cential nucleus in each foimula lendeis them 
chssimilai A glance at the relative positions of caibon atoms 
9 and 10 in each of the following foimulaj makes evident the 
diffeience in stiuctnre: 





Anthracene and phenanthiene have thiee fluoiescence bands 
in common, Klston states that the cause of the exti a fluoiescence 
band in the phenanthrene specttum is not appaient, Now since 
these compounds aie dissimilar in structure, it is natuial to 
assume that the existence of the extia band is related m some 
way to this difference in structure. Hence in the application of 
the electi onic conception of positive and negative valences to 
the constituent atoms of anthracene and phenanthrene, the 
purpose of the present chapter becomes thieefokl ; 
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(1) To show that within the systems of dynamic equihbua. 
of the electromeis of anthracene and phenanthiene theie necessauly 
exist fluorescence t) aw> itions, 

(2) To account for the existence of the exit a. l)and in the 
fluoiescent spectium of phenanthiene vapoin 

(3) To show that the oscillation frequencies of the fluoiescence 
bands of anthracene and phenanthiene may be repiesented as 
lineai functions of the numbeis of fluoiescence tiunsitionsoccuning 
within the lespective systems of dynamic eqiuhbiia of then elec- 
tromei s 

The method of developing the electiomc foimul.u of benzene 
and naphthalene by symmetrically co-oidmatmg caibon atoms 
of types I and V , II and IV, and III. and III , has been applied 
to the constituent atoms of anthiacene and phenanthiene. Two 
and only two centric electiomeis (A and B) of each of these 
compounds are det ived. They aie tepiesented in Figs 12 and 
13 respectively 




FIG. 12. 





H- 



Fio 13 



In each of the above figures the centric electroraers (A) arc 
composed of carbon atoms of the types I. and V while the 
centric electromers (B) embrace in then structure carbon atoms 
of the types II,, III., and IV 
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D. Systems of Dynamic Equilibria of the Electromers of 
Anthracene. 

A complete scheme of the seveial systems of dynamic eqm- 
libna of the electiomeis of anthiacene is piesented in Fig 14 

Each electronic foimula is the plane pi ejection of a space 
foimula The centric electiomer A is the mtei mediate phase 
between the four possible phasotropic electromeis, A 1 , A 11 , A 111 , 
and A IV By means of centiic leaiiangement A is conveitible 
into B In turn, B functions as the mtei mediate phase between 
B I ,B 1I ,B 1I1 ,andB IV - 

The electiomeis of anthracene may be ai ranged into gioups 
depending upon their tespective symmetiy and the number and 
kind of double bonds existing in their structure, thus 

A 1 , An , each possessing 7 diplex double bonds, abbieviation (yd ) 

AI" AIV, ,, ,, 7 diplex double bonds , abbreviation (yd) 

BI B" , ,, ,, 7 contraplex double bonds , abbieviation (yc ) 

Bni BIV ,, 6 contraplex and I diplex bonds, abbieviation (6c , id ) 

The pnmary and seconclaiy systems of phasotiopic equilibria 
which involve absoiption and fluorescence tiansitions are in- 
cluded m the following table. (Note that the absoiption transi- 
tions, such as A 1 ^ A & B ^ B 1 and A 111 ^ A ^ B ^ B IV aie 
followed by a single astensk The fluoiescence tiansitions, such 
as A 1 == A ** B == B nr and B n ^ B ^ B IV involving the elec- 
tromers B in and B IV , aie followed by a double astensk (**).) 

Primary Systems 
BI B B"i ** 

(70.) i;,.z?=i;:, " ^^ 

Bn B BIV ** 

Secondary Systems 

A i A B BI * 
, . AI. ~A B Bn * , , 

(70.) A ABBI * < 7C> ' 

AH __A-B B * 

A! A B Bm ** 
IA \ AI A B BIV ** , fi , . 
(7 d -) An- A B Bin ** ( 6c " ldl ) 



An _AB 



** 



Am A B BI * 

Am _ AB Bn * , , 

(7Q.) AIV.A B BI * (7C) 

A v AB B". * 

Am . A B BI". ** 

Am A BBiv ** ( . 

(70.) Aiv-A B Bni ** (oc., 

Aiv AB BIV ** 

16 
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There aic twelve fluoiescence iiansitions within the complete 
system of dynamic eqmhbiui of the electiomeis of anthiacene 

E. Systems of Dynamic Equilibria of the Electromers of 
Phenanthrene. 

A complete scheme of the seveial electiomeis of j)henanthiene 
in dynamic eqwlibm is piesented in Fu^ 15 

The centt ic deetiomei A is the mtei mediate phase between 
the five possible phasotioptc electiomeis A 1 , A n , A m , A IV , and 
A v By means of centuc leanangement A is conveitible into 
B which functions as the intei mediate phase between the elec- 
tiomeis B 1 , B 11 , B IIL , B IV , and B v 

The electiomeih of phenanthtene may also be aiiangecl into 
gioups depending upon their icspective symmctiy and the number 
and kind of double bonds in then simctiue, thus. 

At, A" , each possessing 7 tliplex double bonds , .ibbievi.ition (yd.) 

Am.Atv, , 7 ( 7 d) 

AV 7 ,, ,, frd ) 

Bi, B, , 7Cuntiaplcx ,, (70) 

Bm ,151V, , 6 ,, ,uul r diplcx bond , ,, (6c., id ) 

BV , 5 .' ,, bonds , (50 , ad.) 

It should be obseived that an electiomei of the type B v con- 
taining five contiaplex and twocliplex double bonds is not to be 
found among the electtomei s of anthiacene. Hence the existence 
of A v ' and B v in the phenauthiene system seives to distinguish 
it from the anthiacene system, and fuitheimoie must bear some 
i elation to the additional lluoiebcence band in the spectrum of 
phenanthiene vapour, 

The pnmaiy and .secondary systems of phasotiopic eqiulibiia 
involving absorption and Ouorescence tiansitions aie included in 
the following table : 

I'umary H 
B ~ 





Secondary Byatems. 

A B-.BJ. *\ 

^A BBi * I ( , 
-A B B, * f (7Ct) 
A B Bn. *) 

16 
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AmA B BI *\ 

Arv A B Bi * . . 

Am A B BII * f (7 ) 

^A" A B BH *J 

/Av A B~Bi *} . . 

fr d > \AV -A-B-BII *} (7 C ) 

{Ai ~A B Em **"| 
An ~A B Btn ** 
AI -A-B-BIV ** r ( 6c ld ) 
An A B BIV **J 

/Am A B Bm **} 
Am AB BIV ** 
(7d ) -I AIV _ A _ B _ Bin M j- (6c , id ) 

AIV-A B Bi ** 



AB Bin ** 
\ 

; 



\ 

} (6c., id 

A B BV ** 



(yd.) { Av A B BV ** } ( 5 c , ad ) 

Theie aie twenty-three fluorescence tiansitions within the 
system of dynamic equilibria of the electromeis of phenanthrene, 
that is, eleven moie than are to be found m the anthracene 
system This additional number of eleven transitions is made 
possible through the existence of the electromers A v and B v . 

The fiist pin pose of this chapter, namely, to demonstrate 
the existence of fluoiescence transitions within the systems of 
phasottopic equilibria of the electromers of anthiacene and 
phenanthrene, is realized in the piecedmg schemes of dynamic 
equilibria and tabulations thereof 

The second purpose, namely, to account for the existence of 
the extia band in the fluorescent spectium of phenanthtene 
vapour, is realized in the existence of the electiomers A v and B v 
of the phenanthtene system. Electromei B v , containing 5 contra- 
plex and 2 diplex double bonds is a type which is not known 
in the anthracene system The existence of A v and B v makes 
possible eleven moie fluorescence tiansitions m the phenanthrene 
system than in the anthracene system Hence these conditions, 
peculiar to the phenanthrene system, may naturally be assumed 
to constitute the explanation of the additional fluorescence band 
in the phenanthrene spectrum 
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F. The Correlation of Oscillation Frequencies of Fluor- 
escence Bands and Fluorescence Transitions. 

It now remains to be shown that the oscillation frequencies 
of the fluorescence bands of antluacene and phenanthiene may 
be represented as lineal functions of the numbeis of fluoiescence 
tiansitions occuinng in the systems of dynamic equilibria of their 
electromeis The existence of such a lelationship is to be ex- 
pected since the oscillation frequencies of the absorption bands 
of benzene, chloio- and bromo-benzene and of naphthalene 
have been repiesented as linear functions of the numbers of 
absoiption transitions occunmg within the systems of equilibria 
of their electromeis This relationship found expression in the 
equation for a straight Ime,^ = sx + b, in which y is the oscilla- 
tion frequency and x the number of absorption tiansitions 

The oscillation frequencies of the fluorescence bands of 
anthracene and phenanthiene have been calculated from the 
values foi the wave-lengths as determined by Elston and aie 
embodied in the following table 





Anthracene 


Phenan throne 




A. 


I/A 


A 


l/\ 


Band One 


432 w 


2 3I5 


432 fj.fi 


2315 


,, Two 


4X5 JUJU 


2410 


415 fj.fi 


2410 


Three 


390 fj.fi 


2564 


390^ 


2564 


Four 


_ 


" 


360 fj.fi 


2778 



The values for bands One, Two, and Three are identical for 
anthracene and phenanthrene 

Heretofore the supposition has been made that all of the 
absoiption transitions withm a given system were synchronous 
with the light waves of highest oscillation frequency. Accord- 
ingly it may now be assumed that the maximum numbei of 
fluorescence transitions, namely, twelve m the anthracene system 
and twenty-tin ee in the phenanthrene system, are respectively in- 
volved in the production of the anthracene fluorescence band Three 
(frequency 2564) and the phenanthrene fluorescence band Four 
(frequency 2778) How are the numbers of fluorescence transi- 
tions corresponding to, and functioning as the origin of, the 
oscillation frequencies of the remaining fluoiescence bands of 
anthracene and phenanthrene to be determined? 
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In the following Fig 16, the oscillation frequencies aie 
indicated on the Y-axis and the numbeis of fluorescence transi- 
tions on the X-axis 
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FLUORESCENCE TRANSITIONS. 

FIG 16, Anthracene . Phenanthrene 

An examination of the tabulated groups of transitions of the 
anthiacene system shows that four (4) is the smallest number of 
fluorescence transitions comprising a gioup. If the vibrations 
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of foui such transitions are assumed to be synchronous with the 
lowest oscillation frequency (231 5) of the anthiacene fluorescence 
band One, and the violations of the maximum number of twelve 
tiansitions be synchionous with the highest oscillation frequency 
(2564) of anthiacene fluorescence band Three, the points (4, 2315) 
and (12, 2564) will deteimme the dhection of a stiaight line 
Now note that this straight line intersects the perpendicular 
from the frequency value 2410, of band Two of anthracene, at a 
point which has a coriespondmg value on the X-axis equal to 
the whole number (7) Hence the oscillation frequencies 2315, 
2410, and 2564, of the thiee fluoiescence bands of anthracene 
may be repiesented as a linear function of the numbers of fluoi- 
escence transitions, 4, 7, and 1 2, respectively. The equation foi 
the stiaight line which most nearly con elates these numbers 
with the corresponding frequencies, as determined by the method 
of least squares is 

y = 31 09lSar + 2191 2959 

in which y is the oscillation frequency of a given fluoiescence 
band and x the number of fluoiescence transitions functioning 
as its origin 

Does a similar relationship exist between the oscillation 
frequencies of the fluoiescence bands of phenanthiene and a 
series of whole numbers of fluorescence transitions? Since the 
frequencies of the bands One, Two, Thiee, aie identical for both 
anthracene and phenanthrene, it would natuially follow that the 
several whole numbers corresponding to the frequencies of the 
three bands of phenanthrene should diffei by a constant quantity 
from the numbers 4, 7, and 12, which correspond to the 
frequencies of the three fluorescence bands of anthiacene Such 
a relationship could only be fulfilled when the expression for the 
linear function takes the foim of an equation foi a straight line 
parallel to the line for anthracene In other words, the anthracene 
and phenanthrene lines must be parallel. 

It has already been assumed that the twenty-tin ee fluorescence 
transitions of the phenanthrene system correspond to the oscilla- 
tion frequency 2778 of the phenanthrene fluorescence band Four. 
Now if a straight line be drawn through the point (23, 2778), 
parallel to the anthracene line (Fig 16) it is icmarkable that it 
practically intersects the perpendiculars from the frequency values 
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on the Y-axis at points which have a coi responding value on 
the X-axis equal to the whole numbeis 8, 1 i, and 16 In other 
woids, the oscillation frequencies, 2315, 2410, 2564, and 2778, 
of the phenaiithiene fluorescence bands may be represented as 
a lineal function of the numbers of fluorescence transitions, 
8, II, i6,and 23, respectively The equation for the stiaight 
line which correlates these numbers with the coi responding fre- 
quencies, as detei mined by the method of least squaies, is 

y = 308255* + 20697790, 

in which y is the oscillation frequency of a given band, and x 
the numbei of fluorescence transitions functioning as its origin 
The deviations of the calculated 01 theoietical values from 
the experimentally detei mined values of the oscillation fiequencies 
of the fluorescence bands of anthiacene and phenanthiene aie 
embodied in the following tables 

Anthracene j> = 31 0918^ + 2191 2959 



A 


B 


C 


D 


4 


2315 


2315 663 


+ o 663 


7 


.4410 


2408 938 


- i 061 


12 


2564 


2564 397 


+ 0397 



Phenanthiene ' y 30 82551; + 2069 7790 



16 
23 



B. 


C ' 


D 


a3I5 


2316-383 


+ 1383 


2410 


2408 859 


- ri4i 


2564 


3562 987 


- i 013 


2778 


2778765 


1 0765 



In the above tables columns (A) contain the theoretically 
detei mined numbeis of fluorescence transitions icpiesented by 
(x) in the linear equations for anthiacene and phenanthrene , 
columns (B), the expeumentally detei mined oscillation fre- 
quencies of the fluoiescence bands represented by(jf), columns 
(C), the fiequencies as calculated from the anthracene and 
phenanthrene equations. Note that the deviations, in columns 
(D), of the calculated from the actual oscillation frequencies are 
so small that they may be attiibuted to errors m experimental 
pbservation, 
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These icsults substantiate the hypothesis that the oscillation 
frequencies of the fluoiescence bands of both anthiacene and 
phenanthiene may be icpiesented as linear functions of the 
numbeis of fluoiescence tiansitions involved in the systems of 
dynamic equihbua of their respective electiomers This fulfils 
the thud object of the piesent chapter 

It may now be of interest to compaie Ehton's electionic 
explanation of the fluorescent spectia of anthracene and phen- 
anthrene with the hypothesis of fluorescence transitions Elston 
states that if we assume fluoiescence to be produced by a system 
of elections within the molecule, then, m oiclei to account for 
the fluotescent spectrum of anthiacene (or phenanthrene) vapour 
consisting of seveial bands supei posed upon a continuous 
spectrum, we may consider either (i) that the elections coire- 
spondmg m period to the several bands aie more numerous than 
those which give use to the weaker continuous parts of the 
fluorescence, 01 (2) that the former aie set m moie violent vibra- 
tion It may also be assumed (3) that the system of elections 
is so intimately connected m its parts that, when distuibed by 
the exciting light m any manner, all of the elections m the 
system aie set m vibiation If the disturbance of the system 
takes place thiough an intermediary "lummophoie " then this 
lummophoie undoubtedly consists of a connected system of 
electrons whose periods correspond to those of the absorption 
spectium of the vapour 

The pioposed hypothesis of absoiption and fluorescence tian- 
sitions does away with the assumption of the " lummophoie" 01 
any other group of atoms, as the cause of fluorescence, and in its 
place presents a definite picture of the manner in which a system 
of electrons within the moleculai structure of oiganic compounds 
may function so as to produce not only the absorption, but also 
the emission of light All of the several systems of electrons 
01 electiomers aie intimately connected through the centric 
electro mer and centric rearrangements If the system of elccti ons 
in a centnc electromer be disturbed by the exciting light, phabo- 
tiopic electromeis are foimed and thereby make possible the 
systems of dynamic equilibria which involve absorption and 
fluorescence transitions The existence of certain groups of 
transitions, the vibrations of which are synchronous with light 
waves of a definite oscillation frequency, constitutes the origin of 
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absoiption and fluoiescence bands, the oscillation frequencies of 
which may be lepiesented as Imeai functions of the numbers of 
absorption and fluoiescence transitions lespeciively involved in 
then pi eduction 

G. Other Interpretations by Means of Absorption and 
Fluorescence Transitions. 

Othei phenomena may be mteipieted by the hypothesis of 
absoiption and fluorescence tiansitions Staik and Meyer ui 
have observed that foi numeious benzene denvatives the legions 
of absoiption lie adjacent to or overlap the legions of fluoiescence 
Nichols and Meint 146 also note that the broad continuous bands 
of fluoiescent substances are always associated with a bioad ab- 
sorption band usually ovei lapping the fluorescence band on the 
side towaid the violet, and that the absoiption spectrum of the 
uranyl salts consists of a series of bands precisely similar, as 
regards their airangement and numbei, to the bands of the 
fluorescence specti um In the fluoi escent spectrum of anthracene 
Elston observes that the bands are superposed upon a continuous 
region extending fiom 365^ to 470^, while the absorption 
spectrum extends continuously from about 400/4/1* to some point 
beyond 325^ This lelationship between the regions of ab- 
soiption and fluorescence may leadily be explained by the hy- 
pothesis of absoiption and fluorescence tiansitions from two 
standpoints (i) A fluorescence tiansition, as pi eviously defined, 
occasions absoiption as well as the emission of light (2) A 
given type of electromer may often function both m an absoip- 
tion transition, and in a fluoiescence tiansition as is apparent in 
the tabulations of transitions on pages 24 1 and 243. Consequently 
the periods of vibration of these related absorption and fluor- 
escence transitions must likewise be i elated. This phase of the 
subject merits furthei investigation and development 

Finally, the relationship between fluoiescence and phosphoi- 
escence, or luminescence, should be bucfly considered Wood uo 
states that a satisfactory theoiy of fluorescence must fulfil 
three lequirements (i) It must distinguish between media 
which fluoresce, and those which do not It must explain (2) 
the change in wave-length, and (3) the increase in duration of 
the emission, which is the phenomenon of phosphorescence. 
Wood further states that at present there is no satisfactory theory 
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of fluorescence The first two requirements of a satisfactory 
theory have been fulfilled in the development and application of 
the hypothesis of absorption and fluorescence transitions The 
third requirement, namely, the explanation of phosphorescence 
may also be interpreted in terms of fluorescence transitions on 
the generally accepted assumption that the energy of the absorbed 
light is stored in the substance in the form of potential energy 
of the atoms Now when the exciting source of light is removed, 
this potential energy, in order to be retransfoi med into radiant 
energy, causes a change m the positions of the electrons in the 
centric electromer A disturbance of the condition of equili- 
brium in a centric electromer causes It to pass into its phasotropic 
electiomers, and thereby a system of dynamic equilibnum is 
established which will involve fluorescence transitions In other 
words, when the exciting source of light is withdrawn there is a 
continuation of the emission of light from the substance due to 
the persistence of fluorescence transitions which serve as the 
medium through which the potential energy of the absorbed light 
is transformed into fluorescent light 

A tentative explanation of the phosphorescence of mineral salts 
may also be given in terms of fluorescence transitions It has 
been shown by several investigators that the action of ultra- 
violet light upon mineial salts causes dissociation and it has 
been assumed that after removal of the substance from the 
exciting source, phosphorescence is produced as the result of 

the recombination of the previously dissociated radicals Now 

+ _ 

dissociation of a salt, MX, either into its ions M and X, or 
molecularly into M and X, cannot occur unless there be a dis- 
turbance of the relative positions of the electrons and systems 
of electrons which constitute the radicals M and X (see p 153) 
Hence the assumption may be made that the return to the un- 
dissociated condition, MX, is accompanied by changes which 
correspond in some way to fluorescence transitions 

While it is possible to give a definite picture of the rearrange- 
ments of valence electrons taking place within the molecules of 
such compounds as benzene, naphthalene, anthracene, and phen- 
anthrene, it is not yet possible to extend the picture to the 
systems of electrons within an atom The constitution of the 
atom is yet quite an enigma, Therefore it is probable that the 
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knowledge oftheielationship between absoiptionand fluoiescence 
phenomena and chemical constitution will be advanced chiefly 
through the study of the dynamic equilibna of the electiomers 
of vanous oiganic and moigamc compounds The absorption 
transition and fluoiescence tiansition hypotheses cannot be ap- 
plied to the atoms of elements because their electionic foimulse 
or stiucture is as yet unknown. Peihaps a study of the absorption 
and fluoiescent spectia of the elements fiom the point of view 
of the numbers of contiaplex-diplex transitions which possibly 
function as the origin of the absoiption and fluoiescence bands 
may shed some light upon the pioblem of the electionic con- 
stitution of the atom 



PART IV. 

METAL-AMMINES, BIBLIOGRAPHICAL REVIEW Al 
GENERAL CONCLUSIONS 



CHAPTER XXII 

THE CONSTITUTION OF THE METAL AMMINE& 

A The Status of the Problem. 

THE foremost pioblem of the oiganic chemist is generally con- 
; ceded to be that of the constitution of benzene and substitution 
in the benzene nucleus Anothei perplexing pioblem, of lesser 
impoitance, but of equal interest, paiticularly to the inoigamc 
chemist, is that of the constitution of molecular compounds, 
notably the metal-am mines 

J W Melloi 117 states that " the attempt to distinguish 
molecular from atomic compounds, by stiuctural foirnulae based 
upon oidmaiy valencies deduced fiom the manifestations of the 
simple atomic compounds has not been successful ". The 

significance of this statement is fully realized aftei one has 
attempted to comprehend and to cot relate the vaiious theories 
that have been proposed to explain the constitution of the 
rnetal-ammmes Stewart 118 has piesented a cutical review of 
the foiemost theories (as applied to the cobalt-ammmes) notably 
those of Blornstiand, Jorgensen, Werner, Friend, Bakei, and 
Ramsay. Hence a compiehensive icview of these theones will 
not be attempted Stewart also concludes that the whole question 
of the constitution of the metal-ammmes is at piesent in a veiy 
unsettled condition 

On the othei hand, Sn William Ramsay 11 " maintains that 
no theory of valency would be acceptable if it did not attempt to 
assign striictuial foimulae to the raetal-ammme compounds and 
to con elate their properties with then formulae. Hence it is 
the puiposc of the present chaptei to attempt to apply the 
electronic conception of positive and negative valence as developed 
in this monograph to the constitution of the chief rnetal-am mines, 
namely, the platinous-ammoma, the platimoammoma, and the 
cobaltic-ammonia compounds. 

It should be noted here that the theones of Friend and 

257 *7 
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Ramsay, and a later scheme of Nelson and Falk uo aie based 
upon the election theory Fnend's system of foimuldtion fails 
m its extension to the hexammine compounds since theie is no 
valence to bind the hexatomic ring of six ammonia molecules 
to the lemammg atoms of the compound molecule which aie 
left suspended in space, so to speak In Ramsay's electronic 
formulae the ammonia molecules aie singly bound to the cential 
metal atom by a double bond of the contraplex type, i e , the 
nitrogen atom of ammonia simultaneously gives to and receives 
from the metal atom an electron This is the bunging into 
^lay of the so-called latent valency of Friend, identical with the 
neutral affinity of Spiegel and the electrical double valence of 
Arrhemus Fuither, m Ramsay's electronic formulae an lomzable 
atom 01 radical is attached to the mtiogen atom of an ammonia 
molecule which mtiogen atom is then bound by a single valence 
to the cential or nuclear metal atom This lomzable radical 
functions negatively Nelson and Falk base their foimulae on 
the Weiner co-ordination types There aie no new conceptions 
m the Nelson and Falk method of assigning electronic foimulae 
to the metal-ammmes The ammonia molecules and the lomz- 
able radicals are united according to Ramsay's ideas 

In the present application of the electionic conception of 
valence to the constituent atoms of the metal-ammmes, the Wernei 
co-ordination foimulae and the various kinds of valency postulated 
and embodied therein, will not be consideied The chief leason 
for the rejection of the Werner co-ordination foi mulae is clue to the 
fact that the Werner- Jofgensen contioveisy, which extended ovei 
a peuod of eight years, has demonstiated that little can be gained 
by the wide departuies of Wernei from the old and well-tucd 
system of valency as developed m relation to oigamc chemistiy 
Therefore, in the present chapter, the electronic conception of 
valence will be applied only to such structural foimulse foi the 
metal-ammmes as are in harmony with the principles of valency 
commonly employed in the wilting of the structural formulae 
of carbon compounds 

The structural and electionic formulae heiewith pioposed will 
be derived through (i) the development of a few simple rules 
relative to the distubution of the positive and negative valences, 
and (2) the application of these rules to the empirical formulae of 
the typical metal-arnmmes To this end, the rational names and 
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the empnical foimulae of the three foremost groups of metal- 
ammines will be tabulated as follows (A) the plalinous-, (B) the 
cobaltio, and (C) the platmioammonia compounds. 

TABLE A 

Pl-ATINOUS-AMMONIA COMPOUNDS 
Rational Name Empirical Formula 

1 Tetraimnine-platmous salts . . . [Pt(NH,)j]X> 

2 Tuarnmme-platmous salts . [Pt(NH 1 ) ? X]X 

3 Diarnmme-platinoub compounds. , [Pt(NH 8 )jX 2 ] (two isomers) 

TABLE B 
COBAI/I ic- AMMONIA COMPOUNDS 

i Hexammme-cobaltic salts . [CofNHJJX, 

a Pentammme-cobaltic baits . . [Co(NH 8 ) 8 X]X 2 

3. Tetrammme-cobaltic salts , [Co(NH' s ) 4 X ]X (two isomers) 

4 Tnammme-cobaltic compound , [Co(NHj) s X",] 

TABLE C 

PLAIINIC-AMMONIA COMPOUNDS 

i Ilcxainmme-platimc salts [Pt(NH 1 ) f) ]X J 

a Pentamrouno-platimc .salts [Pl(NII,) B X]X, (unknown) 

3 Tetrammme-plaUmc ftalts, , [Pt(NH,),X a ]X,, 

4 Tiummme-platimc salts [Pt(NH,) ,X,JX ' 

5 Dummme-platimc compounds [Pt(NH 3 )jX 4 ] (two isomers) 

In connection with the typical empirical foimulse noted in 
the above tables, it should be recalled that X, when located 
within the brackets, may lepresent a halogen atom, chlorine or 
biomme; a umvalent tadical , or a molecule of water or of 
halogen acid (HX), eithei of which molecules functions in the 
foimula presumably in the same manner as does a molecule of 
ammonia. On the other hand, when X is outside the brackets it 
functions negatively as a umvalent lomzable atom or radical 
Fiom this it is also evident that the complex ladical, i e, that 
paitofthe compound embodied within the brackets, functions 
positively as a umvalent, a bivalent, a tervalent, or quadrivalent 
radical or ion according as the number of the umvalent negative 
atoms of X outside the biackets is respectively X, X 2 , X 3 , 
01 X d , 

B. Fundamental Principles Pertinent to the Electronic 
Formulae of the etal-Ammines 

A suivey of the three groups (A, B, and C) of metal-ammonia 
compounds reveals two icmarkable relationships which constitute 
the basis for definite rules to be employed later in writing the 

17* 
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electronic foimuke of metal-ammmes. Relative to the develop- 
ment of the first relationship, note that in Table A theie are 
three classes of platinous-ammonia compounds. In platmous 
compounds, platinum is bivalent In Table B there are four 
classes of cobaltic-ammoma compounds In cobaltic compounds, 
cobalt is terualent Lastly, in Table C, there wzfive classes of 
platimc-ammoma compounds. In platinic compounds, platinum 
is quadrivalent In other woi ds, when the valence of the metal 
atom of the metal-ammonia compound is (), then there are 
(n + i) classes of metal-arnmmes In this connection recall 
the electronic valence mle previously developed and illustrated, 
namely, that when the valence of an atom is (), that atom 
may function m electronic formulae according to (n + i) 
electronic types The existence of this remaikable relation- 
ship between the numbers of classes of metal-ammmes and the 
electronic valence rule leads to the immediate conclusion that 
the number of classes of the metal-ammmes of a given metal is re- 
lated directly to the number of the electronic types m which said 
metal atom may function More specifically, the three classes of 
platinous-ammonia compounds noted in Table A correspond to 
the three electronic types 

Pt +, Pt -, and Pt - 

The four classes of cobaltic-ammoma compounds of Table B 
correspond to the four electronic types . 

Co+, Co+, Co-, and Co - 

-Lastly, the five classes of platimc-ammoma compounds of Table C 
correspond to the five electronic types 



pt +> pt j> Pt t Pt l and Pt I 

_|, _ 

The second relationship is based upon the fact that some of 
the metal-ammmes display lonogen properties while others do 
not. A definite correlation between the electronic type of the 
metal atom and the number of lomzable atoms or radicals (X) 
which exist m the compound is found in the fact that the number 
of positive valences of the metal atom is equal to the number of the 
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negative wmzable groups (A r ) This pi maple makes it possible 
to relate a particulai electiomc type of the metal atom to a cone- 
sponding type of a metal-ammme. Foi example, in the 
platinous-ammme gioup, the tetiammme and the tnam mine salts 
display lespectively two and one dissociable negative radicals (X) 
These numbers are equal to the numbeis of positive valences of 
the metal atom, namely, ^zwancl one, which cot respond lespectively, 

-t I 

to the electronic types Pt -1- and Pt - . In this connection the 

diammme platmous compound displays no lonogen propeities 
and, accoidmgly, its platinum atom, having no positive valences, 

confoims to the electiomc type Pt - 

In the same mannei, and accoidtng to the same pnnciple, 
the foui groups of cobaltic-am mines which display three, two, 
one, and no lonizable negative ladicals, embody lespectively 
cobalt atoms of the electiomc types, 

.[. -i 4. 

Co -|- , Co -l- , Co - , and Co - 

I* ~* ~~ ~* 

In other words, the nnmbei of negative ionizable atoms or radicals 
of the metal-avnnwe is equal to the number of positive valences of 
the metal atom of the metal-animine. This relationship, found 
to hold foi the platmous-, cobaltic-, and platmic-ammonia com- 
pounds, constitutes the second principle involved in the writing 
of the electronic foimulae of the metal-ammines 

Before postulating the rules for writing the electronic formulae 
of metal-am mines some account must be given of the manner in 
which the ammonia molecules ate to be distributed It will be 
remembeied that Blomstiand, and latei Joigcnsen, assumed a 
division of the ammonia molecules of the metal-ammines into 
chains by virtue of the ability of the nitrogen atom of ammonia 
to pass from its tervalent state to the quinquevalent condition. 
The pen tarn mme-cobaltic salt was written thus : 

/c, 

Co-NHr-Cl 

^NH,, NHjr-NHj NH, Cl. 

The non-ionizable chlorine atom is directly united to the cobalt 
atom , the two ionizable chlorine atoms are united to nitrogen 
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and thus have the same lonogen propeittes as chlorine in am- 
monium chloride Note that the above formula, compnsing five 
ammonia molecules, has one chain of four ammonia molecules 
Blomstrand and Jorgensen have advanced no reasons indicating 
how many ammonia molecules should be embodied m a nitrogen 
chain. Hence the above pentammme salt could be lepresented 
just as well by the following isomeric foimula, 

/Cl 

Co NH, NH, Cl 

^ N Hj -N H s N H, Cl 

which contains chains of two and three ammonia molecules. In 
other words, the Blomstiand-Jorgensen method of assigning 
structural formulae to the metal-ammmes permits of more isomeib 
than the facts warrant To overcome this difficulty, which is 
also likely to be encounteied in writing the electronic formulae of 
metal-ammmes, theie must be some limitation and definition of 
the number of ammonia molecules to be embodied in a nitrogen 
chain 

To this end, a guiding principle is found in the fact that 
some metal-ammonia compounds, although geneially stable, 
indicate a pronounced tendency to lose ammonia molecules tn 
pans For example, in an atmospheie of ammonia at 760 mm 
pressuie, the compound Zn(NH 3 ) 6 Cl 2 decomposes at 59, losing 
two molecules of ammonia , and in the same way the resulting 
compound Zn(NH 3 )j t Q 2 also loses two molecules of ammonia 
at 89 5 yielding Zn(NH 3 ) 2 Cl 2 Finally, this compound de- 
composes at 269 with the loss of its remaining two molecules of 
ammonia These transitions are summarized thus 

Zn{NH,) 8 Cl 2 - Zn(NH 3 ) 4 Cl 2 -> Zn(NH 3 ) a Cl 2 -> ZnCl 2 

Further evidence for the apparent association of gioups of 
two molecules of ammonia m the metal-ammmes is found in the 
fact that Magnus' Green Salt, [(NH 3 ) 4 Pt][PtCl 4 ], is made by 
the action of ammonia upon platmous chloride, PtCl 2 When 
boiled with ammonia it yields tetrammme-platmous chloride, 
[Pt(NH 3 ) 4 ]Cl 2 The tetrammme salts when heated also lose two 
molecules of ammonia yielding the symmetrical diammme com- 
pounds of general formula [Pt(NH 3 ) 2 Cl 2 ] 

The pronounced tendency, noted m the foregoing facts, for 
ammonia molecules to enter into combination or to be eliminated 
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fiom combination in pairs^ waiiants the assumption that two 
constitutes the numbei of ammonia molecules natui ally occurring 
m a chain of ammonia molecules Therefoie, in postulating 
rules foi wilting the structuial and electronic foimulae of the 
metal-ammmes, it will be assumed that not moie than two 
molecules of ammonia will be embodied in a single nitiogen 
chain 01 chain of ammonia molecules 

C. Rules for writing Structural and Electronic Formulae of 

etal-Ammmes. 

The rules foi writing the stmctuial and electronic foimulae of 
the metal-ammonia compounds noted in Tables A, B, and C 
(p 259) aie as follows 

(1) Wiite all of the possible electiomc types of the metal 
atom of the metal-ammmes of a given metal When the valence 
of the metal is (it) theie aie (n + i) electiomc types and (n + i) 
classes of metal-ammmes 

(2) Since the numbei of negative lomzable atoms 01 radicals 
(X) of the metal-am mine is equal to the numbei of positive 
valences of the metal, attach to each positive valence of the metal 
atom (M) a chain consisting of tivo molecules of ammonia and one 
atom or radical (X) which is ionizable and functions negatively, 

thus 

+ - + - + - 

M__NT-T 1SJTJ Y 
*~ ~'i^ JLJLg il J.4. i -< />,, 

This electiomc foimula for the chain scheme may be abbieviated 
by indicating the polarity, omitting the valence line, and letting 
(a) lepresent a molecule of ammonia, thus' 
M -| a + - a + - X. 

In applying the above uile (2) it is quite evident that no 
moie molecules of ammonia may be written into the electiomc 
formula than actually exist in the empirical formula. However, 
as far as the number of ammonia molecules will permit^ this rule 
should be applied to each positive valence of the metal atom. 

If the metal-ammine contains an odd number of ammonia 
molecules it will be impossible to assign all of them m pans 
Accoi dingly, the remaining odd number of ammonia molecules 
may be united singly to any negative valences of the metal atom, 
and these single ammonia molecules will in turn be united to an 
atom or radical X which functions positively, thus 

M - + a - + X, 
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It should be noted that when X is an acid radical, for 
example, chlorine or biomine, and ^positive, it manifests little, 

if any, tendency to ionize. This is partly analogous to the situa- 

+ - + - - + 

tion presented by acids of the type H X and H O X 

The tendency for X when negative to function as an anion is 
veiy pronounced , but when X is a non-metal and positive, its 
tendency to function as a cation is slight. (See Chaptei VI 
on ionic amphotensm ) On the othei hand, if X is a metal its 
tendency to function positively as a cation is quite maiked 
Apropos of the preceding statements the third rule is as follows 
(3) To each negative valence of the metal atom attach a 
chain consisting of one molecule of ammonia and one atom 01 
radical X which will function positively, thus 

M - + a - + X 

If, in the application of rules (2) and (3) all of the available 
molecules of ammonia are distributed before all of the positive 
or negative valences of the metal atom aie disposed of, the latter 
are united directly (without the mtei position of ammonia 
molecules) to any lemaimng atoms 01 radicals, X If the 
remaining valence of the metal is positive, then X is negative, 
thus M + - X If the remaining valence of the metal is 
negative, then X is positive, thus M - + X. This pioceduie 
maintains the principle previously noted that the number of the 
positive valences of the metal atom equals the number of negative 
atoms 01 radicals, while the number of negative valences of the 
metal atom equals the number of positive atoms 01 radicals 

Before applying the above rules, the existence of isomers of 
the metal- ammmes should be noted Their existence is cor- 
related with the following rule (4) 

(4) Isomers are possible and are accounted foi whenever m 
the application of the preceding rules there remain for disposition 
one pair of negative valences of the metal atom, two molecules of 
ammonia, and two atoms or radicals which function positively 
These may be disposed according to two structural electronic 
formulae each of which (I ) and (II ), represents an isomer 



I M 



- + a - + X 



h a - + X 

M -+a- +a - H 
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Note thai isomer I lakes care of the negative valences of the 
metal atom accoidmg to rule (3) The possibility of anothei 
formula, isomei II , is somewhat exceptional in that a chain of 
two molecules of ammonia is united to a negative valence of the 
metal 

Isomcis of the following metal-ammmes aie known 

[PtagXJ [PtaXJ [CoaptJX 

111 these compounds the electronic types of the metal atoms aie 
lespectively as follows 

+ 
PI ~ Pt Co- 



in the application of the lules foi willing the electronic foimulae 
of these compounds, there will remain for disposition m each, one 
pair of negative valences of the metal atom, two molecules of 
ammonia and two atoms, X 2 , which aie positive Hence the 
conditions exist for the two isomeiic formula; in confoirmty with 
rale (4) and the empuical facts, 

D. Applications of the Rules. 

The piecedmg lules (1-4) described and qualified, aie based 
upon electronic principles established m confoimily with empuical 
data They aie, theiefoie, not to be legarded as aibitrary or 
hypothetical, but rather as affoiding a method of willing both 
the stiuctural and the electionic formula; of the metal-ammmes. 
These uiles will now be applied m the wilting of the electionic 
foimulseof the platinous-, the cobaltic-, and the platinic-aramoma 
compounds, Their formulae are iccordecl in tabulai foim. Fust, 
note that the empirical foimulse (taken in consecutive ordei from 
the pieceding Tables A, B, and C of the metal-ammonia com- 
pounds) are immediately followed by the electronic formula or 
type of the metal atom in the given metal-ammme. These are 
followed by their electronic formulae which are derived by an 
application of the foregoing rules to the positive and negative 
valences of the metal atoms. 
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(r) [PtaJX 2 
(2) [Pta g X]X 



TABLE A 

PLATINOUS-AMMONIA COMPOUNDS 

+ - a \- - a + - A 

+ a + a + A 

-I- a + a+ r 

- -I- a - + r 

+ rt - + v 



Pt 
Pt 



I PL 



- + a - 



(3) [Pta 2 X 2 ] Pt 

(two isomers, I and II ) 



Pt 



a - + 



(1) [Coa b ]X 3 

(2) [Coa 5 X]X 2 

(3) [CoajXJX 



TABLE B 

COBALTIC-AMMONIA COMPOUNDS 

.]_ + -a+ a-\ \ 

Co + Co h - a + - a |- - t 

_l_ _). _ fl j. _ a -|, _v 

-)-. .]__ ^_j__ d_|__-j, 

Co+ Co+-a+-+-t 

-^ -!- CL ~ -!- ^L 

+ a + ~ a|- v 
I Co - H ,r 
H- A 



Co - 



(two isomers, I and II ) 



(t) [Coa 



Co - 



+ a + a -I- 

II Co - + a - -|- a - + 

- -h r 

H- a + t 

Co - + a - H- % 

- + a - + v 



TABLE C 
PLATINIC-AMMONIA COMPOUNDS 



Pt 



-\ -a+-a+-\ 

+ a+ a+~i 
+ x 



/0 \ rp . VT5 r -r,, + ( J. 1 ormuia cannot oe wr 
(2) L^tajAjXg Ft h m conformity Wlth r 

(unknown) - 

H- +- a ^-a+'- 

i-\ rpi,, v iv Pi- ^ p t + + fl+ 
13) I JrcaiAo Aj irt It . 

\-J/U^ZJ_ _ -. ^. 

- + x 


m 

111 

\ 


+ + Qi -\- a+ 
( 4 ) [Pta 8 X 8 ]X Ptl pt -+a-+* 


v 




H- a -\- A 

i. pt - + - + * 

~j- $ 

"" *T* JV 




(5) [Pta^XJ Pt ^ 






(two isomers, I and II ) 


~+a-+a-+ 

II Pt ~ + * 

- + x 

- 4- X 


X 
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It is paiticulaily noteworthy that no pentammme platmic 
salt of foimula (2), Table C, namely [Pta D X]X 3 , is known The 
rules for wilting the electionic formula; aie not applicable to a 

metal atom of the type Pt + because five molecules of ammonia 

cannot be attached in gioups of two to each of the thiee positive 
valences of the metal An electionic formula may be written, 

+ -a\--a+-v 
p t + - a I - a + - x 
|- a -|- A 

but it is an exception to the niles which are applicable to each 
of the known metal-am mines The fact that this pentammme 
platmic salt does not exist, and that an electionic formula in 
conformity with the mles cannot be written, lends support to 
the pioposed system of writing the stiuctural and electronic 
formulae of the metal-ammmes. 

It is also significant that the metal-ammme salts undergo 
elecholytic dissociation, that is, they ionize in aqueous solution, 
in confoimity with the electionic foimula When X is negative, 
it functions as an amon The lemaimng pait of the molecule 
constitutes the cation, 01 positively chaiged complex radical 
For example, the ionic dissociation of the pentammme cobaltic 
salt is lepiesented thus 

+ - a H - -I- - i r +-fl+-f?-]+ _ 

Co + - a h- - a + - ,v == Co+-a+-n+ 

_. |, rt _ 4. r L -- + a - + A J + 

These electionic foimulse suggest the possibility of explain- 
ing anothei type of electiolytic dissociation in which X is positive 
and functions as the cation The remaining part of the compound 
is the complex negative radical or amon (M = neutral atom) 

- + - H- t |- r - + a 

M+-a+-fl+-;i == X -f M+-a+-a+- 

+ a + a + - ,i L +-a+-a+- 



E, Metal-Ammmes and Complex Salts ; Transition Series. 

This leads to an mteipretation in terms of electronic formulae 
of the series of seven cobaltic compounds in which the valence 
of the complex radical changes progressively from three positive 
to three negative The empirical formulae of these compounds, 



Tim 



refolded in the (microfilm noted tiunsiltons in vuleno. ut thm 

complex ladicals, ait* aj> follows . 

[Cot'Nii. t ),,j c:i 8 , iCo(NU,i),(No s )j n,, nxNU, t (Niu,j a, 

[Cot N 1 1,), (NO,,), 1, K(CXNHj).'(NO;>,l, K.IOKX 



Befoie tabulating the electronic tuimul.t* <>l tins set us ot 
cobaltic compounds, the question oi the disposition of the NO, 
jjioups must be consulted It should be iet ailed tJi.it the iadu ,il 
NOj m \y function either negatively or positively, act oidin| us it is 

i I 

looked upon as a clcuvalive of 11 . Ni),, or IIO , N(\, H % SJH,H tively 

Furthcnnoie, NO,, asu compound, 01 as an ijuU'jKrndcnt moletule, 
has been shown (p 153) to function as a " free ladjcal " in wluVh 
the valence of its nitio^cn atom is ftmi. AtHn>ielin|jly f thiowjh 
the gain 01 thiough the loss of an cluction it become* a negative 
en a positive radical lesnoctivoly. Since It may function as an 
independent molecule, there is nothing to ptechule the assumption 
that chains of molecules of NO U may exist and function in the 
same manner as do chains of molecules of ammonin in the 
metal-ammines. Such chain formation is atli United in the 
capacity of the nitrogen atom, either oi N1I 8 or of NO a , to pait 
with and acquire mmultiineously an election, i.e., to develop ,t 
fiee positive and a fiee negative valence Hence the following 
partial schemes show how (//) a negative atom may be at the end 
of a chain computing two molecules of Ntl a> and (It) huw a posi 
tive atom may be at the end of a chain containing two molecule-! 
ofNO a :~ 

(a) M | Nil, ! NIf a \ t'J; 
(h) U I NO., | NO] | K. 

These anangements maintain the rule that for eveiy negative 
valence of the metal there shall be a positive atom, radical, 01 
ton and, foi every positive valence of the metal there shall be 
a negative atom, radical, or ion. 

The fiist column of the following table presents the empirical 
foimulAi of the sciics ofcobalttc compountl.s in question, The 
second column notes the magnitude and the polarity of the valence 
of the complex radical, Column three indicates the electronic 
type of the metal, followed, in the last column, by the electronic 
formula which is derived through an application of the previously 
developed tules and principles, 
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Numbei 
of Com- 
pound 


Empirical Foimula 


Valence of 
tlie Complex 
Rddic.nl, 


Eltctionii, 
Type of 
MUal 


liltclronic Fonnula 


(I) 


[CofNII^CI, 


3 + 


h 
Co 4 


Co+-NIljH -NIL \ -Cl 
1--NII 3 | -NII 8 H -Cl 


(2) 


CCo(NH,) B (NO s )]a a 


2 H 


4 
Co |- 


CO+-NH 1 , 1 -NI-l!,4-Cl 
- 4NIT,,- | NOj 


(3) 


LCo(NII a ) t (NO a )JCl 


" 


Co - 


CO-4N1I.',-. | NO.,' 


(4) 


[Co(NH,),(NO a )J 


o 


Co - 


_ |,NII,-4 NO., 
Co -4 NIL,-- 1 NO; 


(5) 


[Co(NO a ) fl ]Kj 


o 


Co - 


- hNOj-+NO a -+K 

Co-+NO.j-4NO 2 --i-K 
~+NO a -4NO a -+K 


(6) 


[CofNOsJ^lS! II, ,)]!<., 


>- 


Co - 

h 


- ! N0 8 -+NOj-+K 


(7) 


[Co(NOj) 4 (NII,,) 2 ]K 


i - 


Co 4 
4 


- -i N0 a -+N0 a - i-K 


(&) 


[Co(NO 2 )j(NIIj)i,] 





Co H 


4-NIia4-"NOa 



A critical suivey of the above table shows that the negative 
chlorine atoms (or ions) of compounds (i), (2), and (3), and the 
positive potassium atoms (or ions) of compounds (5), (6), and (7), 
aie duly indicated in the electronic formulae of the tespective 
compounds. This con elates the ionogen properties of the 
compounds with their electronic formulae. 

The electronic formulae of compounds (i), (2), (3), and (4) 
are in complete accord with the postulated rules and accordingly 
are perfectly similar, both structurally and electronically, to the 
formulae of the cobaltic-ammoma compounds (i), (2), (3), and (4), 
respectively, of Table B (p. 266). Compounds (5), (6), and (7), 
however, embody N0 2 molecules, and N0 2 radicals, as previously 
explained. It should be noted that compounds (i) and (5), (2) 
and (6), (3) and (7), and (4) and (8), are perfectly similar 
structurally ; but electronically there is a complete reversal of the 
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polanty of the valences not only of the cobalt atoms, but also 
of the remaining molecules and radicals which compuse the 
compounds. 

In this connection, it is remarkable that structurally identical, 
but electronically opposite formulae, (4) and (8), are electronic 
isomers of the compound [Co(NH 3 ) 3 (N0 2 ) 8 ], which zs a non- 
electrolyte In other words, foimulse (4) and (8) aie electromers 
of the cobaltic-trmitro-triammme The existence of electiomers 
of organic compounds has been demonstrated, i e , the reactions 
of certain compounds can be explained only by assuming the 
existence of its electromers, each of which enters into a definite 
chemical reaction yielding its own specific derivative The 
existence of electromers of inorganic compounds such as formulae 
(4) and (8) is probable Such electromers may exist in tauto- 
menc equilibimm (electronic tautomerism} or, if the properties of 
the compound so indicate, only in one electionic foim Of the 
two possible foimulae, (4) is the moie likely because its NO 2 
radicals are positive and it is a non-electiolyte. This accoids 
with the well-known fact that when the radical NO 2 is positive, 
it does not tend to function as an ion 

The principles and rules presented in this chapter for writing 
the structural and electronic formulae of the metal-am mines 
might be extended almost indefinitely to various other series of 
complex inorganic or molecular compounds, but enough has 
been given to suggest the possibility and the method of extension 
Whether the types of formulae here proposed are more consistent 
and more significant than pieviously proposed formulae for the 
metal-ammmes is, of course, a question One claim, howevei, 
is made, namely, that the pioposed electronic formulae have not 
departed from the thoroughly established principles which underlie 
the writing of the structural and giaphic formulae of carbon com- 
pounds Furthermore, the electronic formulae definitely qualify 
the valences as positive or negative and thereby effect more 
complete correlation with chemical pioperties 

Since the electronic conception of positive and negative 
valence as applied to the constitution of benzene and many of 
its derivatives has made it possible to explain and to correlate 
many hitherto inexplicable and unrelated chemical and physico- 
chemical phenomena, it is to be hoped that the extension of the 



THE CONSTITUTION OF THE METAL-AMMINES 271 

electionic conception of valence, as hciewith applied to the 
constitution of the metal-ammmes, may lead to a moie complete 
development of the stiuctuial and electionic foirnulas of both 
molecular and atomic compounds and thus bung them into a 
unified system 



CHAPTER XXIII 

BIBLIOGRAPHICAL REVIEW 

A REVIEW of the contents of the many articles relating- eithei 
directly 01 indirectly to the electiomc conception of valence 
would require another volume If, however, a leview is limited 
to the published applications of the electronic conception of 
valence in so far as they i elate to the interpretation and coi re- 
lation of chemical and physico-chemical phenomena, it may be 
embodied conveniently in a single chapter Accordingly the 
piesent chapter is limited to a bibliographical and chronological 
review of the applications of the electronic conception of valence 
presenting (i) the name (or names) of the author of the given 
article, (2) the title of the article, (3) the reference to the 
journal in which the article appeared, and (4) a brief absti act of 
the contents of the article 

A. Bibliographical Review of Published Applications. 

The first applications of the electronic conception of valence 
to the interpretation of specific chemical phenomena by means 
of electronic formulae were presented by Ji^JS^JEiy in a paper 
read before the Cincinnati Section of the American Chemical 
Society (January 15, 1908) entitled "An Hypothesis relative to 
"/the Constitution of the Benzene Nucleus an Application of the 
Corpuscular Atomic (Electronic) Conception of Positive and 
Negative Valences to the Constituent Atoms of Benzene/' 
/ Amer Ckem Soc, 30, 34 (1908) In this paper, Fry elaborated 
the electronic conception of positive and negative valence (ongm- 
ally suggested by Sir J J Thomson's work, Electricity and 
Matter}, and proposed the new conceptions and terms electromer, 
electronic tautomensm, and the electronic formula of benzene with 
an explanation of the Brown and Gibson rule 

In the following year J. M. Nelson and K, G, Falk, also 

272 
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basing then views upon Thomson's hypothesis that the linkages 
between atoms m a compound aie caused by the tiansfei of 
corpuscles, applied same to a number of facts chiefly fiom oigamc 
chemistry "The Electiomc Conception of Valency in Oigamc 
Chemistry," School of Mines Quarterly > 30, 179-198 (1909). See 
also/ Amer Chein Sot, , 32, 1637-1654 (1910), which piactically 
embodies then fust papei and gives a geneial discusbion of 
aliphatic caibon and mtiogen compounds containing single, 
double, and tuple bonds, compounds containing double bonds 
between unlike atoms, paitial valence; and complex moigamc 
salts. In then summary, Nelson and Falk state that "all cases 
of isomensm connected with the piesence of a double bond, 
whethei between like 01 unlike atoms, have been icfcirecl to 
the dnection of the valences of the double bond, instead of to 
spatial configuiations as heietofore The existence of ceitam 
isomers and the explanation of some hitherto unexplained 
leactions have also been lefened to the chiection of valences 
The existence of 'paitial valence' is shown to follow fiom the 
electric charges in a molecule." 

H. S Fry "Die "{Constitution des Benzols vom Standpunkte 
des koipuskulai-atomistischen Begnffsderpositiven undnegativen 
Wertigkeit I, Eme Inteipretation der Regel von Cium Blown 
und Gibson" Zeitschr, physikal Chem , 76, 385-397 (191 1) 
The pi maples presented m this paper aie embodied and fuither 
developed in Chapters II, VII, IX,, and X. of this monograph 

H, S Fiy Idem II. "Dynamische Formeln und das 
Ultraviolettabsorptionsspektium des Benzols ". Zeitschr phy^i- 
kal Chem.> 76, 398-412 (1911). See Chapter XVIII. 

H S. Fry Idem. Ill "Dynamische Foimeln und das 
Ultiaviolettabsoiptionsspektium des Naphtahns " ZeitscJu 
physikal. C/iem., 76, 591-600 (1911) See Chapter XX 

K G Falk "Electron Conception of Valence II. The 
Oigamc Acids." /. Amer Chcm, Soc., 33, 1140-1152 (1911). 
Falk pioposes a classification of the organic acids accoi cling to 
the direction of the valences by which the alpha carbon atom is 
combined with the othei atoms of the molecule. The lomzation 
constants (K x io 5 ) depend pumarily upon the additive effects 
of the directive valences of this a-caibon atom I. ~>C,C0 2 H, 
lomzation constants less than ooi, II. ^ C . CO 2 H, lomzation 

18 
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constants 01-04, HI J^C CO 2 H, lomzation constants 

w> 

gi eater than 2 

H S Fry " A Critical Suivey of Some Recent Applications 
of the Election Conception of Valence" / Amer Chem Soc 
J 34, 664-673 (1912) Fiy maintains that Falk's classification of 
the organic acids is incomplete because it fails to take into 
account the direction of the valence which binds the a-caibon 
atom to the caiboxyl group When this valence is consideied, 
the theoiy demands eight classes of organic acids Falk postu- 
lates only four and consideis expenmental data for only thiee 
classes Furtheimore the direction of the valence which binds 
the a-carbon atom to the caiboxyl group, and which Falk 
ignoies, is of pnme impoitance because it determines whethei the 
caiboxyl group functions positively 01 negatively, i e , whethei it 
conesponds electionically and chemically to the caiboxyl ladical 
m caibomc acid, or to the carboxyl ladical in formic acid 

W A Noyes " A Possible Explanation of Some Phenomena 
of lomzation by the Electron Theory " / Amer Chem Soc , 
34> 663 (1912) A shoit note also suggesting that lomzation 
phenomena are lelated to the electionic state of ceitam atoms m 
the molecules of electrolytes 

J M Nelson and K G Falk " The Electron Conception of 
Valence III Oxygen Compounds " Communication^ %>th In- 
ternational Congress of Applied Chemistry > 6, 212-221 (1912) 
An extension of their ideas to the oxygen atoms of certain 
compounds 

H S Fry "Eimge Anwendungen des Elektronbegnffs der 
positiven und negativen Wertigkeit IV Fluoieszenz Anthra- 
zen und Phenanthren " Zeitschr physikal Chem , 80, 29-49 
(1912) See Chaptei XXI 

H, S Fry Idem V " Absorptionsspektia und dynamische 
Formeln von Chloi-, Brom- und lod-benzol" Zeitschr physikal. 
Chem , 82, 665-687 (1913) See Chapter XIX 

W A Noyes "An Attempt to Prepaie Nitro-mtrogen 
Tiichlonde, an Electromer of Ammono-mtrogen Tnchloi ide ". 
T Amer Chem Soc, 35, 767-775 (1913) Ordmaiy nitrogen 
trichloride when titrated against arsenious acid is equivalent to 
six atoms of chlorine per molecule indicating that the formula is 

- + Ci 

N - + Cl 

- +01 
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Noyes maintains that there should be an electiomer of the 
formula, 

i - ci 

N + - Cl 

+ - Cl 

nitro-nitrogen tnchlonde, which would hydiolyze like othei non- 
metallic chlondes to give rations and hydiochlonc acids To 
obtain this electromer, nitiosyl chlonde and phosphorus penta- 
chlonde were bi ought togethei at iooo-iioo to effect the 
reaction 

NOCl + PC1 B - NC1 3 + POC1 3 . 

Much mtrosyl chlonde remained unchanged Chlorine and 
silicon tetiachlotide weie foimed Of thnty gas mixtures 
analysed, twelve obtained in six diffeient experiments gave evi- 
dence of the formation of minute traces of the electromer nitro- 
nitrogen tiichlonde : o I2-0'22 millimoles m a volume of about 
70 cubic centimetres. 

J M Nelson, H. T Beans, and J. K Falk IV Classifica- 
tion of Chemical Reactions ". / Amer Chem Soc, 35, 1810- 
1821 (1913). The authors leview and define more ngoiously 
the teims and assumptions piesented in their preceding papers 
As moie general than oxidation, the term adduction is proposed 
On the basis of the electronic changes involved, chemical re- 
actions are classified into oxidation-reduction changes, " onium ' 
compound formation, and simple replacement or rearrangement 
These classifications are illustrated by various electronic formulae 

Two papers of related interest on "Valence and Tauto- 
mensm " should be noted One was published by W. C. Bray 
andG. E, K Branch, J.Amer Chem Soc, 35, 1440- 1447 (1913) , 
the other by G N Lewis, ibid, 35, 1448-1455 (19*3) Both 
papers deal chiefly with polemical and hypothetical distinctions, 
from the electronic point of view, between polar and non-polar 
valences. 

K G. Falk and J. M Nelson. V. "Polar and Non-polar 
Valence". / Amer. Chem Soc, 36, 209-214 (1914)- The 
authors oppose the view of Bray and Bianch that valence is 
sometimes polar, sometimes non-polai, pointing out that in many 
cases, as in the Grignard reaction, we would, if that view is 
correct, have the two kinds of valence appearing in the same re- 
action. To make such a distinction is difficult, confusing, and 
unnecessary. 

18* 
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L W Jones " Applications of the Electiomc Conception of 
Valence Part I Reactions among Certain Compounds contain- 
ing Nitiogen. Part II The Beckmann Rearrangement " 
Amer Chem /,50, 414-443 (1913) Jones extends the elec- 
tionic valence rule of Fiy, namely, that when the valence of an 
atom equals (?z) that atom may function m electionic foimulse 
in (n + i) ways, to tei valent and to quinquevalent nitrogen atoms 
which present, respectively, foui and six electronic types Fiom 
the point of view of electionic oxidation-reduction teactions, 
many of which are mtiatnolecular, the electronic types aie dis- 
played by and con elated with the chemical properties of amines, 
aldimes, mtriles, nitnle oxides, and many other nitrogen com- 
pounds Hydiolysis is the chief means of determining the state 
of oxidation of the mtiogen and carbon atoms Jones maintains 
"that a caibon atom when linked directly to a mtiogen atom 
does not leadily take fiom it negative electrons, 01, in other 
woids, is not leadily leduced by it". An inspection of all of 
the icactions classed as examples of the Beckmann rearrangement 
(including the Hofmann and Curtms reactions) shows that " in 
every case the rearrangement is accompanied by a process of 
intramolecular oxidation and reduction It seems very probable 
that this tendency of the system of linking carbon-mtiogen to pass 
to one m which the caibon atom is as fully oxidized as possible, 
and the nitrogen atom as fully reduced as possible may be the 
real determining factor in the Beckmann reairangement, and that 
the formation of um valent mtiogen, proposed by Stieglitz as the 
immediate cause, may be a meie incident, necessary, to be sure, 
to pave the way for this change " An appieciation of the natuie 
and extent of Jones' applications of the electionic conception of 
valence to the compounds of mtiogen requires a detailed study 
of the published paper, 

H S Fry . " Interpretations of Some Stereochemical Prob- 
lems m terms of the Electronic Conception of Positive and 
Negative Valences. I Anomalous Behaviour of Ceitam De- 
rivatives of Benzene " / Amer. Chem ^,36,248-262(1914) 
* See Chapter VIII 

H. S Fry "Positive and Negative Hydrogen, the Electionic 
Formula of Benzene and the Nascent State ". /. Amer Chem 
Soc., 36, 262-272 (1914) See Chapters IV and V. 

Julius Stieglitz and P N Leach "The Molecular Re- 



BIBLIOGRAPHICAL REVIEW 277 

airangement of Triaiylmethyl-Hydioxyl- Amines and the ( Beck- 
rrunn ' Reanangement of Ketoximes" J Amer Chem Soc , 36, 
272-301 (1914) It is possible that the chloioimides obtained 
by Stieghlz and Pcteison aie electioraeis of the chloioimides 
supposed to be the mteimediale pioducts in the icanangement 
of the ketoximes by phosphoius pentachlonde Many lear- 
langement leactions aie discussed in teims of the electronic 
valences of the mtiogen atom in i elation to the positive and 
negative charactei of ceitain atoms and ladicals Stieghtz, in 
piesentmg a new mteipictation of the leariangement of ket- 
oximes, maintains that "with the change of electiomc foices, the 
positive ladical, nearest to the field of 'force. \ is lost by the now 
positive carbon and cained to the now negative mtiogen Such 
a seues of actions would account foi the natuie and action of 
the leagents used to accomplish the learrangement (acid de- 
hydiatmg agents) and it gives a rational pictuie of the electrical 
forces in play in the reairangement of the valences of the mole- 
cule Such a course would also account for the tnfltience of 
ster&oisomensm on the reanangcment, if such an influence should 
be established as beyond doubt the ladical neaiest to the 
electrical fields of force pioduced by the migiation of electrons 
ftom carbon to nitrogen passing under the influence of this force 
to the nitrogen." Again, it should be stated that an intimate 
study of the published papei necessanly piecedes an appreciation 
of the pioposed mterpietations 

L. W Jones. "Electromets and Stei comers with Positive 
and Negative Hydioxyl" /. Amer Chem Soc., & 1268-1290 
(1914) Jones cites experimental facts which he believes are 
sufficient not only to establish a tautomenc relationship between 
hydroxylamme and its denvatives in the ordinary structural 
sense but also to confirm the belief that these compounds in 
many of their leactions behave tautomencally in the electronic 
sense, le, afford examples of electiomc tautomei ism The 
paper deals tn paiticular with- (i) structuial tautomeiism of 
hydroxylamme derivatives, (2) oxidation and leduction of 
hydroxylamme and its derivatives , (3) the action of hypo- 
chlorous acid and biomme upon tertiary amines, (4) an 
electronic explanation of these actions , (5) electronic tauto- 
rnensm of hydroxylamme and its derivatives, and (6) elec- 
tromers and stereomers with positive and negative hydroxyl, or 
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alkoxyl In the last section, Jones shows conclusively that certain 
derivatives of hydroxylamine, piepared by Meisenheimer, aie 
electromers The following quotations taken fieely from a 
subsequent papei by Jones (Science, Vol 46, No 195, 493-502) 
piesenting this same phase of the subject, are of moment 

"In an aiticle concerning the 'Non-Equivalence of the Five 
Valences of Nitiogen/ Meisenheimer describes the piepaiation 
of two isomenc compounds of the type, (R) 3 N(OCH 3 )(OH) 
Thejto isomei was obtained by the action of (i) methyl iodide 
upon tnmethylamme oxide and (2) subsequent leplacement of 
iodine by hydroxyl Thus 

/OCH, 

(1) (CH 3 ) 3 N = + CH,I -> CH,N<f 

/OCH, /OCH 3 

(2) (CH^N/ + NaOH - (CH 3 ) 3 N^ + Nal 

(A) 

"The second isomer was secuied by the action of sodium 
methylate upon the salt obtained by ti eating tnmethylarylamme 
oxide with hydrogen chlonde 

OH 



(1) (CH,) a N = + HC1 - ^ 

/OH / OH 

(2) (CH 3 ) a N( + NaOCH 3 -> (CH S ) 3 N< + NaCl 

\C1 \OCH 3 

(B) 

The two forms, (A) and (B), are identical except for the order in 
which the hydroxyl groups and the methoxyl groups are introduced 
In (B), as Meisenheimer said, the methoxyl group is linked to the 
' fifth valence,' or the one which usually engages the acid radical , 
while it is linked to the 'fourth valence ' in formula (A). But 
these two substances (structural isomers) are fundamentally 
different When an aqueous solution of (A) was heated, it 
decomposed quantitatively according to the equation 

/OH (5) 

(A) (CH 3 ) 3 N( -> (CH,,) a N + CH 2 + H 2 O 

\OCH 3 ( 4 ) 

The tnmethylhydroxyammonium methylate (B) showed a totally 
different behaviour 

/OH ( 4 ) 

(B) (CH 3 ) 3 N/ -> (CH 3 ) 3 N = + CH 8 OH. 
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" In addition to these compounds, Meisenhciniei piepared a 
numbei of isomenc mixed chalkyl compounds with methyl, ethylj 
and piopyl ladicals, eg. 

/OCH, /OC 2 II D 

(CH,) S N< and (CH,,},N<: 

' \OC 8 H B \OCI-I, 

In every case, water decomposed compounds of this type to give 
a teitiaiy amme, an alcohol, and an aldehyde , but, invariably, 
the ladical eliminated as aldehyde was the radical which occupied 
'position foui (4),' and the gioup eliminated as alcohol always 
occupied f position five (5) ' Meiscnheimei stated that he 
nevei obtained recognizable traces of the aldehyde which should 
have resulted if the group attached in position five had sepaiated 
in that form 

"The electronic conception of valence fully explains these 
disputed relations by assuming that the one hydioxyl (or alkoxyl) 
group (4) is positive while the other (5) is negative Thus 

l A} in-i \ TNJ ~ H- ^ ~ H CH 3 (4) /p-rr . >j |- H . / TT p - -I- f -A 

(A) (Wi,J,N + _ o - + H (5) -* t L ' u ) < f JN -|. - O - -| H + \ lLj ^ -\ ~ U J 

(B) (CH,) 3 N ; 1 g I + J? Hj jJj ^ ( C H,),N ^ 1" O + (OH., + - - I H). 

"It is significant that the two oxygen atoms upon which the 
existence of the electiomeis depends aie not linked dnectly to 
each othei but through an intermediate atom, nitrogen , thus ' 

(RO + - N + - OH) and (IIO | - N + - OR). 

Jones maintains that this is undoubtedly responsible for the 
relative stability of these electiomeis as compared with others 
in which the atoms of different polanty are directly connected, 

A cr n- --I 

e,g 

-I- - _ + 
A B and A B" 

H S Fiy, <c Interpretations of Some Steieochcmical Piob- 
lems in Teims of the Electronic Conception of Positive and 
Negative Valences. II. Halogen Substitution in the Benzene 
Nucleus and m the Side Cham," /. Amer. Chem, Sac,, 3<5, 
1035-1047 (1914) See Chapter XV. 

J. M, Nelson and K. G. Falk ; The Electron Conception 
of Valence VI. Inorganic Compounds " J. Amen Chew. Soc,, 
37, 274-286 (1915) Applications are extended to Werner's 

conceptions. The authors , ( adopt thf r ^ 

10 
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relative to the electronic constitution of the cobaltic-ammmes 
and extend same to platimc-ammmes Werner's co-ordination 
foimulae aie the structuial basis for the electronic formulas of 
the metal-ammmes as conceived by Ramsay and later by Nelson 
and Falk 

H S Fiy " Interpretations of Some Steieochemical Pi oblems 
in Terms of the Electronic Conception of Positive and Negative 
Valences III A Continuation of the Interpretation of the 
Brown and Gibson Rule" / Amer Chem Soc , 37, 855-863 
(1915) See Chapter IX 

H S Fry. Idem. IV "The Simultaneous Formation of 
Ortho-, Meta-, and Para-Substituted Derivatives of Benzene " 
/ Amer Chem Soc , 37, 863-883 (1915) See Chapter XI 

H S Fiy Idem V. "A Reply to A. F Holleman " / 
Amer Chem Soc, 37, 883-892 (1915) 

K G Falk and J. M Nelson, "Electron Conception of 
Valence VII. Theoiy of Electrolytic Dissociation and Chemical 
Action" / Amer Chem Soc, 37, 1732-1748 (1915) The 
authors hold that change? occurring in chemical reactions do not 
depend upon the electrolytic dissociation of the reacting sub- 
stances The chemical changes aie accompanied veiy often by 
electrolytic dissociation phenomena but the latter parallel the 
former, or vice versa, and do not necessarily precede 01 cause 
them 

H S Fry . " Emige Anwendungen der elektromschen Aufifas- 
sung positiver und negativer Valenzen VL Uber die Existenz 
und die Eigenschaften 'freier Radikale'" Zeitschr phystkal 
Chem , 90, 458-480 (1915) See Chapter XVI 

H S Fry " Interpretations of So me Stereochemical Problems 
m Terms of the Electronic Conception of Positive and Negative 
Valences VI Further Evidence for the Electronic Formula of 
Benzene and the Substitution Rule " /. Amer Chem Soc , 38, 
1323-1327 (1916) See Chapter VIII 

H. S. Fry Idem. VII "The Action of Sodium Methylate 
upon the Products of Nitration of Ortho-, Para-, and Meta- 
Chlorotoluenes " / Amer Chem Soc., 38, 1327-1333 (1916). 
See Chapter XII 

H S Fry, Idetn VIII "Further Evidence for the Elec- 
tronic Tautomerisni of Benzene Derivatives " / Amer, Chem 
, 38, 1333-1338 (1916) See Chapter X. 
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H S Fiy. Idem IX The Electronic Formula of Benzene 
and the Moleculai Volumes of the Chloiobenzenes " / Amer 
Chem SJG, 39, 1688-1699 (1917) See Chapter XVII 

L W Jones. " Electromeiism, A Case of Chemical Isomei- 
ism lesulling from a Difference in Distribution of Valence 
Electrons". Science, Vol XLVL, No 1195 (1917) The 
essential featuies of this papei have been reviewed in the 
abstract of Jones' paper on " Electromers and Stereomeis with 
Positive and Negative Hydroxyl " (p 277) 

M T Hanke and K K. Koessler . "The Electronic Con- 
stitution of Acetoacetic and Citnc Acids and some of their 
Derivatives " / A mer Chem Soc t) 40, 1 726- 1 7 3 2 ( 1 9 1 8) When 
citric acid is tieated with fuming sulphuric acid the central 
caiboxyl group escapes as carbon monoxide The reason foi 
the elimination of the central carboxyl group and the non- 
elimmation of the two end carboxyl groups is due to a difference 
in the direction of the valence force holding these groups In 
other words, as Fry has shown, the elimination of a carboxyl 
group as caibon monoxide signifies that said group functions 
negatively Its carbon- atom corresponds to the state of oxida- 
tion and the electronic type of the carbon atom m formic acid, 
which readily yields carbon monoxide Citric acid, losing 
carbon monoxide, yields acetone dicarbonic acid which contains 
the two end carboxyl groups of the original citric acid These 
ate eliminated as carbon dioxide on treatment with caustic alkali 
solution, yielding acetone Again, as Fry has shown, the elim- 
ination of a carboxyl group as carbon dioxide shows that said 
carboxyl group functions positively Its carbon atom corre- 
sponds to the state of oxidation and to the electronic type of 
the carbon atom in carbonic acid, which loses carbon dioxide 
By the application of these principles, Hanke and Koessler are 
able to piopdse electronic formulae for various complex acids 
which are readily correlated with their chemical properties. 

Rajendralal De : "Polar and Non-Polar Valency". Trans. 
Chem 5<?, 115, 127-134 (1919) In the light of recent theories 
of atomic structure, De has discussed the staictural significance 
of complex salts such as the cobalt- and platinum-ammonia 
compounds, acetylides, etc, in relation to polar and non-polar 
valency 

Eustace J, Cuy : "The Electronic Constitution of Normal 
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Carbon Cham Compounds, Saturated and Unsaturated " / 
Amer Ckem Soc , 42, 503-5 14 (1920) Cuy summarizes his 
paper thus "Assuming that carbon compounds are polar m 
nature and that carbon atoms in a chain tend to assume al- 
ternately positive and negative charges, it has been shown that 
the fluctuation in the various physical properties of these com- 
pounds such as melting points, boiling points, and so foith, 
between the even and the odd members of a given series, may 
be accounted for Various reactions m which these compounds 
take part, such as the addition of halogen acids and the isomeric 
rearrangement of the hahdes may likewise be accounted for, on 
the basis of these assumptions " 

Many significant papers have not been noted in the foregoing 
review for the reason that they are concerned chiefly with the 
problem of the constitution of the atom While they bear more 
or less directly upon the question of chemical valence, they are 
not primarily direct applications of the electronic conception of 
valence to the interpretation of specific chemical reactions In 
this connection the following papers should be noted . 

G N Lewis, "The Atom and the Molecule" /. Amer 
Ckem Soc, 38, 762-784 (1916) 

G N. Lewis " Stenc Hindrance and the Existence of Odd 
Molecules (Free Radicals) " Proc Nat Acad Sci , 2, 586592 
(1916) 

Irving Langmuir " The Arrangement of Electrons in Atoms 
and Molecules" / Amer Ckem ,SW, 41, 868-934 (1919) 

Irving Langmuir " Isomorphism, Isostensm, and Coval- 
ence" / Amer Ckem >5W, 41, 1543-1559(1919) 

Irving Langmuir " The Structure of Atoms and Its Bearing 
on Chemical Valence " / Ind Eng Ckem, 12, 386-388 (1920). 
The atomic configurations and methods of representing 
electronic valences presented in these and many other papers are 
so complicated that they do not lend themselves readily to a 
convenient form of graphic or structural illustration when one 
attempts to make application to specific chemical reactions In 
other words, their adaptability to elucidate structural formulae and 
chemical reactions is questionable, 
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B. Review of Criticisms. 

The introduction of the electronic conception of valence and 
its extension to the intei pi elation of chemical phenomena has 
met with some cuticism The papeis embodying these criticisms 
should be noted buefly in this bibliographical leview 

P de Keen- "The Electron Theory and Conception of 
Valence " Bull. Acad Roy Bdg , 1913, 667-679 The author's 
chief cuticism is that the election theory does not furnish any 
satisfactoiy account of the behaviour of the elements of variable 
valency. To this it may be replied that when the valence of an 
element is (n) that element may function electronically in (n + i) 
ways If the oidmary valence vanes, the same rule applies as 
well to the one value for (n) as to the other value or valence (n) 
Numeious illustrations of this rule have been given in this 
monograph. Jones (loc cit ) has indicated methods of considering 
electronically the nitrogen atom which may function eithei as a 
tervalent or a quinquevalent element 

S J Bates " The Electron Conception of Valence" J Amer 
Chem Soc,36, 789-793 (1914) Bates maintains that "on the 
whole the phenomena of physics are opposed to the view that 
in the molecule the atoms aie charged with respect to one an- 
othei, and to the theory of valence developed on this assumption. 
Chemistry contributes the most satisfactoiy evidence in its 
favoui " This type of criticism is irrelevant foi two reasons 
(l) The isolated conditions under which the quoted physical 
phenomena are effected (e g , high vacua, influence of positive 
rays, etc) are not comparable with the conditions under which 
the great majority of chemical reactions take place. Therefore, 
both the results and conclusions are bound to differ (2) The 
electronic conception of positive and negative valence plays the 
part of aformulative hypothesis in the interpretation and con ela- 
tion of chemical and physico-chemical phenomena. 

A F Holleman . Substitution in the Benzene Nucleus " 
/. Amer Ch&m Soc , 36, 2495-2498 (1914) Holleman mam- 
tains that theie is no hypothesis able to give a satisfactory ex- 
planation of the phenomena of substitution in the benzene 
nucleus He states that Fry's electronic formula for benzene 
and rule for the explanation of substitution reactions cannot be 
accepted "because thQie are so many objections to it". He 
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piesents six " most important " specific objections which should 
be studied intimately by the reader Fiy has leplied in detail 
to each of these objections,/ Amcr Chem Soc , 37, 883-892 
f ( 1 9 l 5)> showing by direct quotations fiom Holleman' & criticism 
and Fiy's original statements that Holleman's inability to cone- 
late Fiy's rule with ceitain cases of substitution was due to 
Holleman's failure to apply to the principle of the electronic 
tautomerism of benzene derivatives the geneially accepted 
principle that, in any tautomenc equilibrium mixtuie, either one, 
or the other, or both tautomers (depending upon conditions) may 
interact with a given reagent Thus the simultaneous formation 
ofortho-, paia-, and meta-substituted denvatives is icadily ex- 
plained Furthermoie, those cases of substitution which Holle- 
man regarded as opposed to Fiy's rule weie shown to conform 
to the rule and to the principle of the electiomc tautomerism of 
benzene derivatives An appreciation of the points at issue 
between Holleman and Fry necessitates a cntical study of their 
original papers. It is of interest to add that m a pnvate com- 
munication from Professor A F Holleman (Amsterdam, June 7, 
1915), he writes fc I fear that you have gone too fai in your ex- 
planations, and it will be necessary to review your hypotheses, 
though I acknowledge that there is a right nucleus in them " 
While Holleman apparently did not completely sense the signi- 
ficance of the principle of electronic tautomerism and the necessaiy 
part it plays m substitution reactions, J B Cohen ir)1 cleat ly 
states the principle in his review of Fiy's electronic theoiy of 
benzene substitution Cohen concludes his summary with the 
statement that Fry's theory, " m short, is so mobile, so adapt- 
able, and so ingeniously applied as to explain most of the 
facts of substitution as well as many reactions of aiomatic com- 
pounds" 

R F Brunei- "A Cnticism of the Electron Conception of 
Valence" / Amer Chem Soc, 37, 709-722 (1915) Brunei 
concludes that any application of the theory involves the constant 
use of assumptions, that the electronic formula assigned to 
chemical compounds are inconsistent with any rule that can be 
proposed , that no single well-established case of electromensm 
is yet known , and that the evidence of physical experiments is 
at present opposed to the assumption on which it is based. 

H S Fry "The Electronic Conception of Positive ancj 
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Negative Valences". J.Awer Chem Soc , 37, 2368-2373 (1915) 
A leply to the preceding paper of Biunel 

There now lemains for consideiation a bnef discussion of the 
status and functions of the electiomc conception of positive and 
negative valence This is the subject of the concluding chapter 



CHAPTER XXIV. 

THE STATUS AND FUNCTION OF THE ELECTRONIC CONCEPTION 
OF POSITIVE AND NEGATIVE VALENCE 

THE final chapter of Recent Advances tn Organic Chemistry 
by A W. Stewart 152 discusses "modern formulae and their 
failings". The introductory paragiaph bears the following 
statement " An unbiased survey of the fields covered by organic 
chemistry cannot fail to reveal to any critical mind the fact that 
our structural formulae are becoming less and less able to cope 
with the strain which modern research is placing upon them It 
is true that for work-a-day purposes they still answer admiiably , 
and from the point of view of teaching it is doubtful if anything 
bettei could be devised. But when we go into the matter be- 
yond the mere suiface, things are not so satisfactory as they may 
appear to the superficial observer " 

Examples are cited by Stewart to show that our formulae 
have ceased to be pure " reaction-formulae " and that they 
frequently mislead us if we attempt to draw general conclusions 
from them On the other hand, researches in physics and 
physical chemistry are giving us glimpses of the fc intimate 
structure of molecules" Therefore, a difficult task is en- 
countered when one attempts to embody reaction-formulae and 
intimate structure of molecules simultaneously in one configura- 
tion Stewart admits that progress along these lines will be 
slow, but it is the task of investigators who concern themselves 
with both physical and chemical properties to invent a special 
symbolism which will express their results and be free fiom the 
implications that are attached to ordinary formulae " Conserv- 
atism is ingrained in most scientific minds , and the struggle 
which new ideas have before them is geneially severe " 

A, Status and Function of the Electronic Conception of 

Valence. 

Apropos of the foregoing points of view of Stewart, what is 
the status and function of the electronic conception of positive 

286 
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and negative valence and the new types of foimulae electiomc 
formulae 'proposed, developed, and illustiated in this monograph ? 
The answer to this question is manifold 

(1) It should be recalled that the electronic conception of 
positive and negative valence, as noted in the introduction 
(Chapter I ) is a foimulative hypothesis It is maintained that 
it should function as such in the mterpt elation, and coi relation 
of chemical and physico-chemical phenomena 

(2) The electiomc conception of positive and negative 
valence as herewith applied to the constituent atoms of lelatively 
well-established structural foimulse, is, at its present status of 
development, neithei pnmatily noi necessarily concerned with 
the question of the ultimate natuie of chemical affinity and the 
constitution of the atom per s& Such questions have invariably 
led into fields wheiein speculation predominates Moreovei, the 
numerous, vaned, and diveigent hypotheses relating to the 
ultimate constitution of the atom have failed, so fai, to furnish a 
unifoirnly satisfactory valence hypothesis which will enable 
chemists to elucidate chemical foirnulai and leactions. 

The most to be gleaned fiom any or all of these anomalous 
hypotheses is the early and lelatively simple suggestion of Sir 
J J Thomson that "if we interpret the 'bond' of the chemist 
as indicating a unit Faiaday tube, connecting charged atoms in 
the molecule, the stiucLuial formulae of the chemist can be at 
once translated into the electucal theoiy ". Thus, in the electronic 
theoiy, one end of a bond corresponds to a positive, the other to 
a negative charge , the chaige being developed through the loss 
or the gam of an election It is this earlier view that is most 
readily and significantly adaptable to chemical formulas. Later 
views on the electronic nature of valence and the distribution of 
valence elections have manifested little, if any, discernible utility 
m the direct and lucid mterpietation of the mechanism of specific 
chemical reactions and the conelation of the varied phenomena 

9? 

of moiganic and organic chemistiy 

(3) It should also be recalled that the translation of a 
stiuctural formula mto an electiomc foimula is not an arbitrary 
procedure Many illustiations have been presented showing 
that this tianslation is governed by a careful study of the pheno- 
mena of iomzation and electrolysis, oxidation-reduction processes, 
and hydrolytic reactions. Each of these phenomena is readily 
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mteipreted in teims of electric charges, that is, positive and 
negative valences 01 the capacity of atoms and radicals to function 
positively and negatively It is in confoimity with these physical 
and chemical phenomena that the polarity of the valences or 
bonds in a structural fotmula are indicated by plus and -minus 
signs thus making the translation of a structural formula into an 
electronic foimula both a physically and a chemically consistent 
procedure 

(4) Many substituted derivatives of benzene when singly 
brought into hydrolytic reactions, or subjected to further sub- 
stitution, yield derivatives whose existence and properties com- 
pel us to conclude that the reaction involved more than one type 
of molecule of the initial benzene derivative These molecules 
are not those of tautomers or desmotiopes They are electronic 
tautomers, or electromers, existing in tautomenc equihbuum, 
that is, manifesting the phenomenon of electronic tautomensm 
If this assumption, the principle of electiomc tautomensm, is not 
valid, then we are still unable to explain eithei the simultaneous 
formation of ortho-, meta-, and para-deiivatives of benzene in 
any given substitution leaction or the chemical pro pei ties of the 
substituted derivatives formed which are the specific products of 
lespective electromeis While the isolation of the electromer of 
any benzene derivative has not as yet been effected, the deriva- 
tives of these electiomers have been obtained and their chemical 
properties explained and correlated in terms of their electronic 
foi mulse In other words, the simultaneously formed ortho-^ meta-, 
and para-substituted derivatives of a given compound are the im- 
mediate and duect reaction products of the electromers of that 
compound 

(5) The electronic conception of positive and negative 
valence, as herewith presented, developed and applied, is a 
formulative hypothesis- Such an hypothesis to be efficient must 
be inductively true at the time of its promulgation , that is, it 
should explain the phenomena and laws which classification has 
brought together in a particular branch of science It should 
also be applicable to futuie discoveries , and, finally, it must be 
deductively suggestive in indicating lines of future research The 
electronic conception of positive and negative valence has, in a 
measure, met the first requirement in affording interpretations of 
the mechanism of many hitherto unexplained chemical reactions, 
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notably substitution reactions in the benzene nucleus and the 
anomalous behaviour of many derivatives of benzene It has 
also afforded explanations of physico-chemical phenomena such 
as molecular volume relationships, absoiption of light and fluoi- 
escence Does it also meet the other fundamental lequirement 
of a good hypothesis, namely, to suggest lines of future research? 

B. Suggested Lines of Future Research. 

A suggested line of lesearch may be found in endeavours to 
isolate electromers, the existence of which in tautomeric equi- 
librium is clearly substantiated As noted, electiomeis of de- 
rivatives of benzene have not as yet been individually isolated, 
but a well-established case of electromensm has been pointed 
out by Jones (loc cit) in his electiomc explanation of ceitain 
isomenc derivatives of hydioxylamme ongmally piepared by 
Meisenheimei These lepiesent the fiist known instances of 
independently existing electiomeis, that is, compounds com- 
pletely identical in structiual foimulce but diffeimg in physical 
and chemical propeities by virtue solely of a diffeient arrange- 
ment of the lespective positive and negative valences (valence 
electrons) of certain constituent atoms The isolation of other 
electioraeis depends upon futuie research. 

Another line of suggested research may be located in the 
well-ploughed field of unsuccessful attempts to effect a direct 
asymmetric synthesis, i e , to prepare a compound which displays 
optical activity thiough rotation of the plane of polanzed light 
by vutue of its containing an asymmetric atom, e,g , the carbon 
atom, united to four chemically diffeient atoms 01 radicals A 
suggestion to this end may exist in the following explanation of 
magnetic optical activity in teims of the electronic conception 
of positive and negative valence. 

A naturally optically active carbon compound is either dextro- 
or laevo-rotatoiy independently of the direction in which the plane 
polanzed light passes thiough its solution. On the other hand, 
a magnetically optically active liquid is dextro- or laevo-rotatoiy 
according to the direction in which the light passes through it, 
the magnetic field being constant Now natural optical activity 
of a carbon compound depends upon the presence of an asym- 
metric carbon atom in its molecule. Briefly illustrated (C a, b> c, d] 
indicates that the quadrivalent carbon atom is united to four 

19 
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chemically different atoms or lachcals, a, b t c, and d The com- 
pound (C a, &, c, c) is not optically active since two of the four 
atoms united to it (c and c) are chemically identical. But 
(C a, d, c, c) displays optical activity in a magnetic field. One 
natural conclusion is that the two chemically identical atoms 
(c and c) must function diffeiently m the magnetic field In 
other words, m terms of the electionic conception, whethei (<?) 
and (c) are naturally both positive or naturally both negative, 
the magnetic field induces a rearrangement of the valence electrons 
in suck a way that one (c) functions positively and the other (c] 
functions negatively It has been shown that a given atom may 
function sometimes negatively, sometimes positively, and these 
two states are entirely different chemically Hence, the magnetic 
field may induce magnetic optical activity by con vei ting inactive 

+ + 

(C a, b, c, c) 01 inactive (C a, /;, c, c) into magnetically optically 

i 

active (C a, b, c, c) This may be termed electromeric asymmetry, 
the occasion of magnetic optical activity 

It is also quite conceivable that a compound such as 

+ _ 

(C a, b, c s c) in which like atoms (c and c) possess opposite polarity 
would not show optical activity unless in a magnetic field In 
this case the magnetic field would not be the occasion of atoms 
(c and c) functioning positively and negatively, but it would 
differentiate them in their relative spatial positions in the mole- 
cule so that the carbon atom (C) is asymmetric It displays 
electromeric asymmetry This differentiation in space and in 

+ 
polarity of the atoms (c and c) in a magnetic field is leadily 

correlated with the fact that a magnetically optically active liquid 
is dextro- or laevo-rotatory according to the direction in which 
the light passes through it 

This proposed hypothesis also correlates the well-established 
theory of the asymmetric carbon atom of Le Bel and Van't lioff 
with Faraday's discovery of and Sir W H Perkm's remarkable 
researches in the field of magnetic optical activity 

Immediately in this connection it should also be noted that 
many crystalline substances, such as quartz, are optically active, 
but it has been held by physical chemists that the activity here 
is not due to the arrangement of atoms within the molecule but 
rather to a certain undefined arrangement of crystalline particles. 
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Now X-iay and crystal stiuctuie investigations are clearly in- 
dicating the types of the airangements of the atoms in spaced 
lattices Accoidmgly, it is quite possible that many such at- 
langements present examples of electromenc asymmetry In 
other woids, optical activity of ciystals is assumed to be due to 
electromenc asymmetiy which exists natuially in optically active 
ciystals but is induced m inactive substances by the magnetic field 

The suggestion of the conception " electromenc asymmetry " 
does not, of couise, in itself constitute an explanation, but it 
may seive as a nucleus foi the development of a moie compie- 
hensive hypothesis which should embrace and correlate, along 
the lines indicated, all types of optical activity The undei lying 
concepts are the electionic conception of positive and negative 
valence and the pimciple of asymmetiy, which latter has played 
a vital part m the explanation of the optical activity of compounds 
of carbon. 

The phenomena of magnetic optical activity and the proposed 
elcctiomc mterpietation also suggest othei lines of investigation 
For example, may not a sufficiently poweiful magnetic field 
have some effect upon the lelative concentrations 01 relative 
leactivities of the electromers m a tautomeric equihbnum mix- 

+ - + 

ture such as (C fi H 5 X ** CJi^ X) ? Since benzene denvatives 

display electronic tautomeiism, they may be expected to leact 
diffei entry within a magnetic field than they do in a non- 
magnetic field. This difference in icactivity under the two 
conditions could be ascertained by a quantitative deteimmation 
of the reaction pioducts which are the deiivatives of the respec- 
tive electromers. If the magnetic field alteied m any way the 

Ju 

concentrations or reactivities of the electromers, C 8 H fl , X and 

+ 
C G H G . X, variations in the quantities of the substituted derivatives 

-i- - + 

of C 6 H 5 . X and C 6 H 5 . X would establish the fact, 

In this connection studies of the hydrolytic reactions of 
optically active and inactive compounds, within and without the 
magnetic field, are suggested. Also, addition leactions present 
subjects for investigation. For example, the addition of the 
halogens and halogen acids to unsaturated compounds have a 
special significance m attempts to effect asymmetric synthesis. 
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The two types of double bonds, contraplex and dtplex, proposed 
by the author afford a ready explanation of the varied and ap- 
parently anomalous addition reactions frequently noted in the 
literature How will a magnetic field effect these addition 
reactions ? 

The variable physical conditions under which these suggested 
reactions may be conducted must not be ovei looked Electronic 
tautomers aie undoubtedly very subtle. The behaviour of elec- 
tromers and the possibility of their isolation are quite likely to 
be influenced by the magnetic field, its character and intensity , 
by the solvent medium, its density, molecular volume, tempera- 
ture, dielectric constant, chemical properties, etc , and by the 
presence of catalysts, either directly employed or as secondary 
products of the reaction. All of these conditions as well as the 
quantities of the reacting substances, and the quantities of the 
products of the reactions must be accurately standardized and 
carefully detei mined in any of the suggested researches 

From the foregoing it is quite apparent that the electronic 
conception of positive and negative valence meets the two funda- 
mental requirements of an efficient formulative hypothesis it 
not only explains many facts and phenomena its first function 
but it is also deductively suggestive in that it has indicated 
various lines of future research These hypotheses are proposed 
with the understanding that assumption is not necessarily pre- 
sumption 

Finally, a statement made in the introductory chapter will 
, now bear repetition " In view of the fact that electronic formulae, 
" m many instances, have proven to be more precise and more 
significant than, the customary structural formulae in the explana- 
tion of chemical and physico-chemical phenomena and the 
mechanism" of reactions, it is quite conceivable that the electronic 
conception of positive and' negative valence as a formulative 
hypothesis may become a necessary adjunct to the structure 
theory This, of course, must depend upon the nature and 
extent of its applications and experimental verifications, and 
upon the part that should be played by just criticisms in bringing 
to light the relative merits and dements of its applications" 
Complementary to this opinion the author begs to conclude this 
monograph by quoting the final paragraph of A W Stewart's 
Recent Advances in Organic Chemistry (loc cit) 
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(( It is not to be expected that success will be attained at 
stroke. Much moie probably, there will be a good deal i 
fumbling and recasting to be gone tin ough, just as there w< 
before oui piesent-day formulae emeiged fiom the melting-po 
Any suggestions, theiefore, which tend towaids the enlaigemei 
of our ideas of chemical constitution should be welcomed t 
those who have sufficient critical spint to giasp the failure of 01 
contempoiaiy foimulse undei the stiam of modem investigations 
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